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ABSTRACT 

This document consists of two separate papers. The 
first paper, "A Balanced Marine Aquarium" (Barbara Jayne Palko), 
discusses various aspects of a balanced marine aquarium. Information 
provided includes the basic and optional equipment needed to 
construct a balanced aquarium, preparations for setting up the 
aquarium, preparing the aquarium for fish, selecting the fish, and 
comments on general maintenance^, feeding, and medications. The second 
paper, "The Biology of Marine Aquarium Fishes Collected in Monroe 
County, Florida" (Deb Hess and John Stevely), provides descriptions 
of 30 commercially valuable specips in these families: (1) 
chaetodont idae (angelfishes and butterf lyf i shes ) ; (2) pomacentr id'ae 
(damself i shes ) ; (3-) apogonidae (cardinalf ishes) ; (4) opi stognathidae 
(jawfishes); (5) spiaenidae (drums and croakers); (6) blenniidae 
(blennies); (7) labridae (wrasses); andMS) the gobiidae (gobies). In 
addition, information on the biogeography of the species, local 
habitat in the Florida keys, food habits, predation, reproduction, 
and behavior is provided for the fishies in each of the eight 
families. Also provided is a discussipn of the diversity of tropical 
coral reef fish communities, a bibl io^grajihy of literature cited and 
additional references, definitions of general terminology, maps 
^showing areas referred to in the Caribbean and Florida Keys, and 
illustrations of invertebrates and plants commonly mentioned in the 
text. '( JN) 
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A BALANCED MARIN^ AQUARIUM 
A balanced Marine aquarium reproduces the natural environment as 
closely as^ possible. Before, the introduction of the balanced aquarium, 
marine fishes were, usually kept in systems separate from marine 

The balanced marine aquarium,^^ however, permits the 
of fish and invertebrates ' within the closed system and 
has become incxe^singl>^popular in the pdst few years. It is morp 
appealing and t/h^ behavior of the fishes and invertebrates within the 
system is-more natjural. 

A ijiarine aquirium that is set up and maintained for- periods of six 
months or longer without medication, chemical additions, or pthier treat- 



i'nvertebrates. 
successful mixing 



ments Is ^he mark 
and water. The be 



of a successful inarine aquarist. All- you add ate food 



ttom medium may contain crushed coral, beach shell, or 
calcified algae (nbt silica sand or colored gravel). The habitat of the 
aquaritra* ifi jnade of rock with living organisms on it,' cured coral, 
plants, and ^ anemones' (not plastic figures or ceramics). You should not 
suffer severe , losses from disease, and fishes . should only need to be 



removed whe 



n they have .became too large-^r the system. Everything within" 
the system is compatible in itT^^m^^Y"^^^^^^^ within your home. Doe^this 
s.ound impossible? Well, it isn't. v , , 

In setting up la balanced marine aquarium, an important factor *is - 
PATIENCE. A well-bal^anced saltwater aquarium cannot be y elbtablished in one 
day, but with patience, you, v0.ll be rewarded by an ^q^uarium that is both 
beautiful ' and troubleVfree. No single set of „ rules will guarantee the 
successful s,etup -and operation of a saltwater aquarium,- for there is more 

( ' ' . . 
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than one way to achieve a well-balanced marine aquarium. Books and pamph- 
lets are only aids. This pamphlet will show ypu one way. Success depends 
on you and the amount of time you are willing to give to your aquarium. 
If you .do not—want to be totally involved^ then set up a large tank with 
haVdV fish that can survive without d great deal of care. However, if you 
are willing to accept the challenge of some of the more delicate and rarer 
tij'opicals, then you must be willing to give more of yourself. 




Equipment - Basic and Optional 



A saltwatef aquarium should be all glass or plastic, no smaller than 
20 gallons for the beginner, ' Remember, larger aquariums are generally' 
easier to take care of, but harder to set up initially. You «ust have a 
sturdy stand or base that will support the aquarium, water, 'and habitat 
weight. For a 30 gallon^aquarium, the weight will be a minimum of 
^Dounds,^ You should also cut a 1/2" thick piece of styrofOj^m the same size 

as ^your ^aquarium base to be used as a. cushion. Additional basic equipment 

* ' ' J 

'^required are an air pump, check valve, gang valve, air line tubing, 

saltwater undergravel filter, glass cover, and fluorescent lighf , 

Op.tioft^l equipment includes an outside power filter with dacron floss 

and actis^ted carbon or an ion-exct^ange resin, heater, an undergravel 

power pump, anji/or an ultraviolet purifier (preferably with th'^ bulbs 

above the water for easier maintenance and better efficiency). 



■ / 

Combination glass, metal, and slate aqu^lums are still safe for 
freshwater fish but should not be used for a marine aquarium, as seawater 
reacts with the metal and slate causing rust and toxinsi that can kill 
marine fish and invertebrates. The check valve ,is used ^to prevent back- 
syphoning in the event of a power failure. The undergravel filter is used ■ 
to support the bottom media above a water column to assure good water 
circulation thus enabling nitrifying bacteria to carry out their 
biological role of breaking down waste and organic matter . Purchase an 
undergravel filter designed for saltwater. The stems are larger and the 
platform base higher than freshwater filters. 

The undergravel power filter is a fairly new product and some data 
indicate it improves the efficiency of tlie undergravel filter and sets up 
a current in the aquarium. The outside power filter removes larger parti- 
'culate matter in suspension in the water. It is also used to piimp the 
water through the ultraviolet filter. This filter helps to break down 
organics, as well as serving its two primary functions: control of 
disease caused by microorganisms and maintenance of good water quality. I 
believe the potential of the ultraviolet purifier has not yet been fully 
realized. I feel my system lets me do more with a saltwater aquarium than 
just regular filtration. It lets me put in more fish in one tank than 
published formulas recommend. You cannot "overdose" a tank with ultra- 
violet. All research data have shown that it does not change the water 
chemistry. 




PREPARATIONS FOR SETTING UP AN AQUARIUM > 

♦ » 

Parental supervision should be considered with* younger hobbyists 

because the combination of salf water and electricity can lead to some 
' shocking experiences! ^ 

One of the first steps in setting up any new marine aquarium is to 
collect reliable seawater. If you live nfear the ocean, you can collect 
natural seawater. When you collect seiawate^ frOm a shoreline or off a 
bridge (as opposed to collecting offshore by boat) ^ <:ollect at high tide 
and be^ sure to filter and age the water before using. 

Fiiter the water by running it through dacron floss and/or coffee 
f liter paper, or a comparable finely meshed material. A^ the water in 
the dark in a covered container^ for two" weeks "WlTtmut^eration. Aging 
helps to kill many of the algae and microorganisms present in natural 
seawater. ^ - 

You can also make seawater by using one of the many brands of arti- 

ficial sea salts on the market. When mixing artificial salts, use a 5 

■ 

gallon bucket of warm tap water to h^lp dissolve the salts more readily. 
Pour the dissolved salts into your empty aquarium and add the rest of your 
tap water to bring the level within 4 inches of the top of the aquarium. 

The use of natural or artificial seawater is an area of debate with 
aquarists. Artificial seawater is easier to mix than natural seawater is 
to collect, and it is no longer as expensive as it ^used ±o be. Also, 
reliable brands of sea salts eliminate most of the unknowns, especially 
disease organisraaK^d parasites, which are present in natural^ seawater. 
In addition, it do^s lot have to be filtered or aged before use. * 
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The bottom medium for saltwater should be some type of carbonate 
that prevents a dangerously low pH by maintaining the water in close 
association with calcium i^carbonate. Low pH (an acidic condition) is 
caused by oxidation, carbon dioxide production by the fish and other mar- 
ine animals, and by bacteijial action. I prefer crushed shell for aquar- 
iums with jawfish (they construct burrows in the shell) and calcified 
algae and crushed coral (available commercially) for other aquariums. 
Dolomite can also be used, but is not as desirable a carbonate. 

If you collect your bottom '*taedia yourself, you will need to purify 
it. The same is true if you collect ^our own habitat (conch shells qr 
Florida oolite rocks). Bottom media purchased in pet stores need not be 
purified, on -> rinsed before use. The sa^ techniques - are used for puri- 
fication of both bottom media and habitat. You want to kill all organisms 
on the collected material, so when you add it to your aquarium it is 

M 11 J 

Sterile. All media should be gathered below the .low tide line to avoid 
contamination. The shell can be screened to size at the 'beach. Use a 
mesh or net with S size between 1/4 and 1/2 inch. Shefl smaller than 1/4 
inches is undesirable because it can plug up the undergravel filter leav- 
ing pockets barren of the much, needed nitrifying bacteria. Eliminate 
shells over 1 inch, except for accents. Remember, when using large shells 
for accent, such as conchs or helmets, be sure they are cut to, allow a 
good flow of water through them. If the water does not circulate com- 
pletely through these shells, gases can build up and be reJ^eased into the 
aquarium and cause mortalities. With a bottom media of crushe^l cor^l and 
calcified algae, the size should be smaller. According to Dick Greenfield 
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(1978).^ a 3-inch bed of 1/3-inch diameter bottom i|ied"ia will provide 
twice the total surface for bacterial attachment than would the same depth 
of 1/4-inch gravel in the same aquarium. To purify th^ bottom media, 
using a 2-gallon plastic -bucket (never use metal when working with 
materials for any saltwater aquarium), add about six handfuls of crushed 
shell to the bucket, flush with fresh water and agitate until the water- 
flows clear. After rinsing each h)atch, recombine the shell in a plastic 
5-gallon '^bucket for further purification with bleach. (For those of you 
who have trouble finding 5-gallon plastic bjickets , - try your local bakery, 
donut shop, or fast-food restaurant. They bring pie aird donut" fillings, 
pickles, etc., in these buckets and usually discard them when ^^empty . ) ■ 

Fill the 5-gallon bucket 3/4 full of shell and cover with fresh water 
to which two cups of bleach have been added. Two days later remove the 
water and flush the shell again in the smaller plastic bucket and spread- 
the shell in a thin layer ^on a sheet of {:)lastic to dry. Let dry for 4 to 
6 days. Your uose becomes your best test mechanism to see if the shell is 
clean. Take random handfuls and smell. There should be no hint, of 
chlorine or "fishyness." When the shell smells clean, store it in plastic 
bags until needed. When you put the shell into the aquarium, it should be 
wet again with a quick freshwater rin^e to eliminate any "clouding" of the 
water. (Adding the wet shell eliminates any problems of "floaters*' with 
the smaller and lighter weight shells that sometimes do not settle to the 
bottbin of the tank when they are dry.) , - ' 

■^Freshwater and Marine Aquarium 'Magazine, November 1978: p. 1,2-14, 
90-92, 94, and December 1978: p. 12-14, 88-92. ^ 



When cleaning rock, follow the same procedure. Be sure to soak the 
rock overnight in freshwater to kill worms and- other invertebrate that use 
the rock as habitat. The next day, remove all worms and other inverte- 
brates with tweezers. Let the rock air jlry. Before any rock caa be 
placed in a marine tank, every piece of barnacle, sponge, algae, sand^ 
coral, and other organic matter must be removed. Use an ice pick to chip 
away, any remaining organisms. After cleaning thoroughly, bleach the rock 
^s you did the shell, us-lng"^^^:^ same proportions of water and bleach. Dry 
and testfby smelling. If you have mi^s/d any of the organic matter, it 
should appear darker thari' the natural color of the rock. Reclean and 
bleach, if necessary. 

Wheri choosing habitat rocks, remember to collect only those that are 
free of iron and other metal contaminates, and those that provide dif- 
ferent-sized holes for hiding: In Florida, oolite rock is fine. If you 
cannot or do not care to collect rocks, yoli will find a good array of safe 
decorative rocks in any pet or aquarium fehop. Corals are protected by 
both state and federal laws' and must he /purchased , ndt collected in the 
United States., Check with local or state officials before collecting. 
Some areas are protected for everyone's future enjoyment. 



PRKPAR I NG Y OUR AQUARIUM FOR FISH 

Beture adding water, you must be certain your tank is well supported, 
i.e., placed on a sturdy, strong ^base. (Remember tor a 30-gallon aquar- 
ium, your base must support a minimum weight of 250 pounds.) Check, the 
cx:)rners to see if the tank is Level on al sides. The i/2-inch thick 
styrufoam hoard is placed between the aqbarium and the base of the stand 
to cushion the aquarium and prevent breakage from uneven stress. DO NOT 
rely on the styrofoam to compensate for a warped base. 

With the aquarium stabilized, .add your seawater. If you are using 
<irtificial sea salts, make sure your salts are all dissolved. Do no,t add 
yuur undergravel filter and media until you iiave your sea water in the 
t.ink. Fill the tank 3/4 full, then add the undergravel filter plates 
(with the air line tubing measured and attached). Agitate ail bubbles 
from beneath the filter plates. Gently sprinkle the bottom media (shell 
or crushed cora^^I) over the top bf the plates. Work carefully to prevent 
smaller [)ieces from being forced Into the slits of the platform. The 
hott(Mii media should lie on the surface without plugging -^e holes which 
will inhibit the operation of the bottom filter, destroying bi^e^^cTrx^ 
tl\jn of water through the filtering media and causing pockets of hydrogen 
s u If idi' . 

Next add the habitat. Consider the requirements of the fish and 
i fivertebr<ites you will place in the tank. Will the fish tiave sufficient 
(•(jver to hell) prevent aggressive behavior? Try to arrange rocks, corals, 
and such sn the setting appears as natural as possible-*' With the liabitaf 
completed, .ittach all remaining parts of the mechanical filtering equip- 



ment. Air lines should be -attached to the gang valve and that in turn to 
a check valve on the air pump (to prevent back syphoning). The water 
level can be topped off by gently pouring the remaint^r of the seawaLer 
into the tank. Use a plate or your liand to lessen the force of the water 
on the bottom media. Next, connect your ultraviolet filter to the ^power 
pump, start the syphons on the power filter, and cover the tank. Lastly,, 
plug in the lights (fluorescent lights are recommended as they are cooler 
and come in wavelengths that support plant growth). The system is opera- 
tional, but not ready for fish. The aquarium nefeds time to balance its 
biological filter. At this point, it requires a lot of patience to 
proceed slowly, but a snail's pace, gives nitrifying bacteria in the 
bottom media an opportunity to establish themselves at levels capable of 
handling waste from the fish you will add. 

r 
V 

There are bacterite in natural seawater and with time these will 
multiply (but remember bacteria are slow growing). Whether using natural 
or artifical water, there are ways to introduce the needed bacteria: by 
adding gravel from an establishe^ aquarium into the new one, by using one 
of the commercial starters, (if you use a commercial starter, proceed with ^ 
caution p^nat all starters are alike), or by adding one hardy fish to the 
tank. IXK:tJOT add a freshwater fish and hope that it dies, rots, and 
establishes a bacterial colony. The procedure doesn't work and instead is 
a good way to foul a system. Introducing disease. Instead try a damsel 
fish. They are excellent starters, will feed on anything, are inexpen- 
sive, and are very liardy. The natural wastes fro» the damsel will add 
nutrients which in turn help to "feed" the bacteria. (I prefer Lo add one 
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portion oV'^Tlry food - just a pinch - to my new system a week before I 
introduce ray' damsel fish. 1 let it fall to the bottom where it acts as 
"fertilizer" for bacteria in the gravel.) To establish a balanced ^tank 
with artificial seawater takes longer. > Most experts recommend a three-' 
week cycling period as nitrifying bacteria multiply slowly, and lower 
temperatures, acid water (low pH), high salinitVies / and lack x>f calcium 



slow the process more. 




I hope you are *a proponent "pf green algae (as 1 am). 1 must Empha- 
size how important algae is as a food supplemen t f or some fish and as a 
water conditioner for all fisji. H^re are some passages from Frank de 
Craaf s book Marine Aquarium 'Guide (1973) about the importance of algae: 



"The sal'Lwater aquarium (unlike the freshwater aquarium) can never 
sustain sufficient growth of algae to absorb all the substances pro- 
duced by bacteria. As a result, the aquarium wate<- will gradually 
accumulate far greater concentrations of all sorts of substances than 
.seawater does . . . While the prei^ence of algae can slow down this 
process, it ^cannot altogether -eliminate it ^unless the hobbyist is 
satisfied to keep just 1 or 2 fishes swimming among luxuriant growths 
of algae . . . '^^^^iptrates , phosphates, sulfates and even ammonia-^ many 
algae species absorb the latter in ; pre f erence to filtrates — together 
with other substances, are indispensable nutrients for algae; promot- 
ing an optimal growth of green algae will thus help remove many such 
substances accumulating in the tank . . . The presence of green algae, 
on the other hand, is An indication that tiverything' is shipshape, 
since llieir growth is impeded by an excess of aromatic amino acids and 
[Ihenols as well as a low^ redox potential ... In addition to absorb- 
ing or)',airrc substances and thus keeping the tank water healthy over a 
longer period of time, algae play yet another rolei! By gtJviir^ off 
certain substances (extra-cellular products), algae considerably 
influence an;l improve the general condition of fishes and inverte- 
brates ... It is a fact that in tanks that contain luxuriant algae 
growths or have\an algae filter, fishes h^irdly ever get sick and show 
a better growth rate . • • Algae ar€i_^r tually ind ispensablc^ in the 
m/irine acjuarium." v. \ 
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The algae should be introduced during the 2nd and 3rd week. Leave 
the tank lights burning continuously until the introduction of fish to 
encourage algal growth. A good supply of algae before the fish are added 
will encourage its continued growth after the fish begin feeding upon it. 
There are several "ways that you can promote algal growth. I prefer to 
take some scrapings from the glass of an established tank, and spread the 
pieces on rocks in the new setup. You can also borrow. a piece of "green" 
coral or rock from a friend's tank and with a toothbrush, spread particles 
of algae around your aquarium. There are several commercial products that 
can also be usedl Once the fish have been introduced, thelrr waste will 
provide ample fertilizer for continued growth. Remember, rfed and brown 
algae will dominate over green. To prevent this, I suggest that you treat 

all water with^^l traviolet before ^^adding a pure culture of green algae. 
' In addition to the single celled algaes there are other algaes available 

commercially such as tfie shaving brush ( Penicillus sp.), chain linked 

( Halimeda sp.) and feather plants ( Cau.le'rpa sp.) which can be purchased 

from your local pet store and planted. 
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When the two or three weeks cycling period is over, and the bacteria 
is ready for fish and invertebrates wastes, then it is time to choose a 
community of fishes for the tank. The following questions are often 
asked. How many fish can I add? Which fish are the most compatible? As 
a very conservative rule, you can add one fish 1 inch or less for every 
two gallons of water, but with the ultraviolet sterilizer and other 
sophisticated equipment, and some consideration for habitat requirements 
of the species you select, you Iiave some latitude, ' The rule of 1-inch of 
fi.sh/2 ga^l. of^water is not infallible. The weight and volume of a fish 
increases between the second and third power of the length. That is, 
a 4-inch fish creates a biological load in a tank ^closer to A times that 
of the samQ fish 2 inches long. In short, you may be able to keep fewer 
larger fish than size alone would indicate. If you plan to stock a tank 
to its limits, proceed cautiously. If you try for the maximum number a 
tank can hold, remember to add one fish at a time after you have reached 
the conservative limit. The point at whi(?h ^ou first get mortalities can^ 
bo considered the. maximum limit. The fish you choose depends upon a 
number of factors: the size of your aquarium, the type of tank you prefer 
(fisli, invertebrate, or both), the area in which you live. 




SELECTING YOUR FISH 

As an illustration, let's assume that you are setting up a 30-gallon 
tank and from that point of view we'll consider several possibilities, 
always keeping in mind the habitat requirements and behavior patterns of 
the fish.. 

Marine fish occupy all levels, of the habitat from open water, coral 
reef, grass flats, to the bottom substrate. When considering liabitats of 
marine tropicals, generally, jawfish are substrate dwellers, blennies and 
grammas areVock dwellers, angelfish and butterf lyf ish are open water fish 
that "hole up" in the rocks and coral at night, and dairselfish occupy 
whole territories of rock, water, and substrate! Behavior patterns and 
habitat requirements are generally the same for both Atlantic and Pacific 
species of the same families. Pacific fish, however, do better at a lower 
salinity and a lower temperature than Atlantic species. They are also 
considered by some people to be far more colorful^ than their Atlantic 
counterparts. Bemuse some of the marine tropicals such " as butterfly 
fish> rock beauties, and tangs have very specific dietary requirements, I 
do not recommend their purchase if you cannot provide the proper foods. 
When you begin choosing fish, make decisions slowly. There are lots of 
available choices even if this is your .first tank** and if you proceed 




One of the most popular groups of aquarium fish are the angelfish. 
If you decide to put some ang^lfish in your tank - and they are an excel- 
lent choice for beginners - be sure there is a definite size difference 
between species. The most docile should be the largest and the most 
aggressive the smallest • Also, if you are going to have more than one of 

any species (example 3 pigmy angelfish, Centro pygi argi), they should all 

7 ~ 

be added at the same time because certain species are aggressive especial- 
ly towards each other- Keep in mind some of the ang.elfish are cleaners in 
their juvenile stages and other species grow to be quite large as adults. 
Angelfish habitat requirements and behavior patterns are similar. They 
"hole-up"' at night and during the day spend their time in front of the 
rocks and corals. They like, frozen brine shrimp, dried foods and live 
green algae - basically an easy fish to get to feed. I would not suggest 
more than 3 angelfish in a 30-gallon community aquarium. 




Butterf lyf ishes are generally less hardy and more difficult to main- 
tain than the angelf ishes. Some of the Pacific species must feed on 
polyps from specific types of coral in order to survive, while others -will 
eat anything you put in the aquarium. Usually butter f lyf ishes are' not as 
aggressive as angelfishes and thus should be the larger when both are in 
the same aquarium. Three of the six species available from the Atlantic 



20 



do very well in the home aquariums. They are the Atlantic long nose ^ 
(Prognathodes aculeatus), the reef ( Ch^etodon sendentarius' ) , and the 
banner (C. aya). The spot fin (£. ocellatus ) , banded (^. striatus ) , and 
four-eye (C. ' capistratus) butter flyfishes are more difficult and 
sometimes never start feeding well, if at all. 

If you have a butterf lyf ish that is not feeding you might try using 
an old bleached piece, of coral (rose -coral works very well), and mash a, 
small p3(ece of raw shrimp into the coral and place that in the tank. 
Don't put too much shrimp on the coral as it does spoil and can foul the 
tank. If the butter f lyf ish starts to feed you can increase th^ sizti of • 
the shrimp to match the food requirements of the fish. Another method to 
stimulate feeding is to add live brine shrimp (Artemis salina) or frozen 
brine shrimp thawed and ' soaked ^ in an appetite stimulant- Up to tliree 
butter f lyf ish car^ be considered for a 30 gallon aquarium. ^ 

Other options for middle tank dwellers (besides angelfish and butter- 
fly fish) that should be considered are hogfish, tangs, cardinalf ish , 
squirrelf ish , and big eyes. These latter three are reef dwellers that, 
live under roqk ledges during the daV and come out at night. As a result, 
they do not* do well 'in brightly lit areas but are good fish in home aquar- 
iums where ledges are provided. Tangs are herbivores in their natural 
habitat. This means they are plant eaters and require algae in large 
amouiits to be happy and to do well. They will eat dry foods and frozen 
brine but need algae to maintain color and proper diet. Hogfish, wrasses, 
small sea basses and groupers (Serranids) all are good feeders and are 
very hardy. Keep in mind, as serranids get bigger, they do develop a 
taste for smaller fish! One to three of any of the many options from the 
middle tank dweller will enhance a 30-gallon aquarium, especially since 
they are so brightly colored. , 
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Fish living on the bottom are probably the most popular; good choices 
would be found among the various species of jawrish and worm gobies. 
30-galion tank can handle up to six. Jawfish are a good choice, add 
activity to any tank, have been known to spawn in a t:oramunity tank, and 
are all hardy and good feeders. The most important consideration for 
jawfish is tFie bottom substrate. Jawfish and worm gobies need shells or 
coral pieces to structure holes in the bottom of /the tank. If you use a 
"soft" media, such as the finely crushed coral sold commercially, then you 
must provide them with some decorative clam shells or flat rocks to hide 
undet. If jawfish are unhappy with their "home" they will go to the 
surface and look for a way out of the tank. They usually succeed, too - 
much to yQur distress ! Bottom dwellers are also notorious for rearranging 
an aquarium, moving bottom media, shells, plants, etc., to suit their 
desires. If you^don*t want your aquarium rearranged regularly, do not put 
jawfish, worm gobies, OT oth^r bottom dwellers in your system. Use hermit 
crabs and brittle starfish instead. 



Rock»^ dwellers are also good and possibilities include neon gobies, 
other gobies, basslets, clinnids, hawkfish, and blennies. The neon goby 
is a cleaner fish and a pair can be both attractive and functional. They 
will establish a cleaning station, much as in nature, and have been known 
to spawn in a closed system. Another choice is the basslets , including 
the royal grammas (Gramma loreto) and the blackcap basslets (^. melacara ) . 
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These are aggressive fish, especially among their ofrm kind. If you are 
going to put in more than one gramma or blackcap basslet they must all be 
introduced at the same time. Once established, the first arrivals will 
kill any new basslets introduced. Grammas live xinSer ledges in your tank 
and it is not unusual to see tfiem swimming upside-down. Other rock- 
dweller choices can be made as much , on color as on species. Blennies and 
jawfish are incompatible in the <feame aquarium \nd may create some pro- 
blemsjlso you may want • to consider one of the other rock dweller species 
if you intend to keep jawfish. 




Damsel fish are the one group of fishes that will live, grow, and 
spawn in nearly anyone's tank. They are very hardy, almost indestructible 
and do well in any system. If there is a drawback, it is that they are 
aggressive and extremely territorial. You must remember to leave room for 
them. If you plan to introduce damsel-s>> remember that each fish requires 
considerable bottom and rock area as a part of its habitat. Plan for it. 
Some of the least aggressive damsels are the saffron ( Eupomacentrus 
planif rons ) , honey gregory (E^. mellis ) , the salt and pepper (_E. partitus ) , 
and blue and green reefs ( Chromis sp.). If you add damsels, be certain 
they are the smallest fish in the tank. You needn't worry about their 
size. Damsels are very competent at taking care of themselves even with 

4k 

fish ten times their size. 
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Invertebrates can also be added ^pecially the hardy species. Some 
choices include banded coral shrimp, sea anemones, brittle and serpent 
starfish, small hermit crabs (but not arrow crabs since they like to eat 
fish at night), as well as many of the smaller molluscs and bivalves. 
Invertebrates make for a more successful aquarium. , Anemones aid water 
quality by their filter feeding activities. Hermit crabs and starfish 
make. good bottom cleaners.. They eat the food missed by the fish. Mol- 
luscs such as flame scallops and .spiny oysters are also good water filter 
feeders while small octopus and live olive or margin shells burrow into 
the media and keep it clean of large debris. All invertebrates add to the 
basic balance of a saltwater aquarium as well as making a more interesting 
t^mk. 

A suggested grouping of fish and invertebrates for a 30-gallon marine 
aquariuni : ^ ^ 



Invertebrates 




Fish 



1 pair banded coral shrimp 

1 pair pistol shrimp with spiral anemone 

1 small hermit crab 

1 small sta-rfish or brittle starfish 

2 sea anemones 

2 flame scallops . 
1 margin shell 

Marine algae such as Penicillus species 
Halimedar species and Cauleupa species 



hawkf ish 
1 butterfly 

1 hogfish 

2 Centropyge species of 



angelf ish 
2 basslets 



1 pair neon gobies 

2 jawfish or worm gobies 
1 cardinalfish or 




18 



Do not add all of these fish and invertebrates all at once. when 
your systfem is set up and ' ready , you can add your algae, pistol shrimp and 
spiral anemone, and starfish as well as your cardinal fish or hawkfish. 
Ten days later add your hermit crab, margin shell, and sea anemone and two 
basslets. Ten to fourteen days later, add the remaining invertebrates, 
neon gobies^ butterflyfish and hogfish. Add the centropyge species two 
weeks. later as they are the most aggressive X)f this selection. Remember, 
before any fish is placed in your main aquarium, they should be 
quarantined in a medicine tank first. 



GENERAL MAINTENANCE, FEEDING, AND MEDICATIONS 

No one knows precisely the best temperatures for exotic tropical 

4 

marine fish. Safe ranges are found hit or miss, but there are certain 
guidelines that work and certain rules that keep, problems to a minimum. 
Both Atlantic and Pacific tropicals will do well In temperatures as low as 
70°-75°F (21°-24°C) , and in my own tanks 1 keep Atlantic tropicals at 
temperatures between 80°-82°F (26°-27°C). The most important factor is 
maintenance of a stable temperature - no matter what range. Daily varia- 
tions of more than a few degrees should always be avoided. A 5 degree'- 
variation can cause stress and encourage disease. Buy a good heater and a 
reliable thermometer, and keep variation to a minimum year round. 

Clean water is essential. Change the volume by 1/4 at least once a 
month, especially in smaller tanks. The color of the water can be a good 
indicator of the "health" of the tank. When it begins to yellow and lose 
its crysta^clear look, a water change is overdue. 



If you want to replace the water volume lost through . evaporation, 
remember one fact: ^the liquid has evaporated, but the salts remain. 
Therefore^ replace the 'lost volume with distilled or aged tap water. Use 
your hydrometer to check salinity in the tarik. The hydrometer will 
indicate when the salinity has dropped enough to use seawater instead of 
tap water. Optimum salinities are 1020-1025 at TS^'-SO^F. 

Do not overfeed. I feed my fish and invertebrates twice a day, and I 
believe it is better to feed small amounts more often rather tjhan one 
large feeding each day. The more you can vary the diet, the healthier the 
fish will be. I prefer to feed frozen and live brine -shrimp (both baby 
arfd adult forms) daily, a dry food once or twice a week, and keep^marine 
algae in the tank. Marine algae and plankton (live, frozen, or freeze- 
dried) are good food sources* They help to keep the colors of the fish 
bright. In addition, algae is a necessary part of the diet of tangs and 
parrotfish. Other food\> to consider are chopped beef heart, shrimp, 
o'>'sters and clams, freeze dried foods such as krill euphausids, tubifex 
worms, and micro- and macro-plankton (which includes rotifers). f 




When feeding invertebrates, remember that some are filter feeders and 

\ 

feed only at night. I use live baby brine shrimp which I place in tbe 
tank after the lights are off. Clam juice is good for flame scallops and 
f eatherduster worms. Liquid fry and finely crushed dryfoods are also 
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very' good for gorgoVilans.. With the continuing advanctMiient s in product 
r't^search ^within the marine aquarium industry, many (UMi^i^uUes are 
d.<?veloplng foods and 'diets to maintain' many more fish and invertebrates 
successfully. 

One of the " mo^t common calls 1 receive are from* P^H)ple who have' 
little white "hugs" crawling on the glas.s.; The bugs are non~pa ras 1 1 i(^ 
CQpepods that' occur where there Is a . high bacterial build-up' in an 
aquarium, often due to fouling of wate r by over feed ing . Shortly after the 
copepods appear, thq tank, may go bad ' and a fi.sh kill might result 
(although^ fast preventative action can result in no fish loses). This 
(^an be corrected by an immediate water^ change of at least 1/2 the volume. 
As you change the water, agitate the bottom media to remove the exress 
food waste. , "... . 

Another common question I am asked is , "What do I do wft!\ diseased 
■fish?" Ne ver medicate in your main tank. If; fish are sick, remove them 
to a "hospital" tank (a 5- or lO-gallon- ^vquar ium) . 

A. medicine tank is set up with ah undergravel f i 1 te r ,^ bo t torn media, 
and habitat . ' A coppe^r te^ kit . is also T^cessary. Using the copi^er test 
kit"and ymir Clipper, sulfate solution, stabilize the tank' -to" 0^ 2 ppm (.parts- 
per. million). Copper sulfate will combine with the carbonates' \Cyour 
h^itat and . bottom media);.with each temperattfre and/or pH change, the 
' g6p'pei; wi41ga':, back into solution. , However ,, some of the more recent 
• coppet medications /(such as Copper Power) stay in solution and do not 
combine or .precipitate out as readily. Copper can also distress or kill, 
invertebrates as theix^ toierahce' for ■ copper is ;e^ le^s than^ fish'. All 



t lsh ( (*() 1 1 iM* t or purdiasod ) ^JlunIld be ho in qua t an t i no lOr at loast 
owo WiH^k InMon^ thoy are inovod lo your main aquarium. WhHo uiulor 
quarantino, their t\Sod shouhi bo treated with a broad vSpeotrum antibiotic* 
solution (suoh as INTKAC^l'KK, whioh is st)ld as internal inedioation in pet 
s ton's ) • 

'Vo uuiko vour own eoppor sultato solution, dis^u)lv(.' \0 cop\)cv 
sultatt^ Vrystals (CuSC)/^* S H^O) and '.] g oitrio arid orystals in UH) 
\\\\ of distilliHl water. This will make a 10/;; solution whioh is added at 1 
d rop/).;a 1 1 oil water. Keoj^ in mind that a 20 gallon acjuarium does not 
oon.t.ain 20 \;allons ot water when bottom media and habitat have been added. 

A cure i*oiniiu)nly reeominended fs to inorease the temperaturt^. Wl\i it 
sounds good-, the advice is bad. (1) It puts the tish under tremendous 
stress wh i e h means the disease g,ets a better too the Id. (2) It does not 
eause thi* disease to "burn" itself out in ^, 7, or 8 days as elaimeci. It 
takes at le.ist lA days in lugh temperatures to stop most disi\ise (.cycles. 
In all eases, inereasec! heat only *.:l)mpounds the problem. 

There i^s^an excellent book- on the treatment of marine fish diseases, 
Or. Kingsfc/rdVs Treatment of Exotic Marine Fish Diseases, which gives the 
methods to cure va r ious ' d i sease s , the duration of treatment, and the con- 
cent rati oiu^ of chemicals required to ef^'ect a cure. 

Remember that disease spot«, wounds, and frayed fins do not disappear 
or heal instantly. It will take 2, 3 or more days for the situation to 
clear up and in some (-ases, it may recjuire a second treatment a week later 
to remove all traces of the disease. This is why an ultraviolet system is 
important because it attacks disease causing organisms in the water 
(Mjlumn, preventing them from passing from one fish to another while main- 
taining good wate.1^ quality. In addition, germicidal ultraviolet lights 
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art' iM|Kiblo oi broaklti).; i\ow\\ organic mattt^r in iho watiT wit hout rlianj; in^.; 
t ho basic water chLMii I s t ry^, aiul you cannot ovord^so wltli ultravu)h»t. The 
ouo important point to always romoinbor is ox|>osuro to the germioidal 
ultraviolet 1 i^ht oan i\iuso l)lindnoss to you ov the I isli ami that is why 
the I i^;h/ must he sliieUieii when it is turned on. I run my I'V system all 
t lie t imi' and rej'ihuu' the Inilbs once a year- 1 teel it is tlie ultraviolet 
tliat h<is permitted me to keep t ish lOr b-7 _years witliout any medieatioii or 
special treatment and niaii^»tain more t ish/ tank than ^;eneral filtration 
ea 1 4M1 1 at i ons. suj:\j;est • 

The be^>t way to i^revent disease is to (^lu)ose your t"ish i:arefully- It 
vou dive ior vour own, collect them 1 rt)iii clean water areas and do a pre- 
ventative dip and medic^ate tliem beiore you introduce new 1 isli lo your main 
tank. hearn about a [)et store be to re you buy tish. A ^ood store owner 
will work witli you. Vou should exjiect healthy tisli and lony; survival 'if 
vou place them in a balanced tank. If you can, he sure the t isli are teedr 
in^ before you purciuise tiu^m. Most good at]uarium stores liold fish from 
lu^w siiipments uiU i I tliey liave been medicated and are ac^tively feeding. 
RemiMnber that you liave an obligation to your pet store owner, <is well. If 
you goot and do something wrong, don't blame it on the store. 

One of the little tricks 1 do with store bt)ught fisli is in the manner 
in which 1 ai^t^limate tliem to my tanks. 1 float them in their sealed hags 
in my medicine tank until 1 feel the water temperatures are both the s<ime. 
Then, 1 open the bagged fish and add some of my tank water to it - being 
very careful not to get any of the pet store water into my tank, w<iit IS 
minutes and then pour out and discard all the water in tlie bag, cat<' hi ng 
the fish in a net and put only tl^ie fish into tl^e medicine tank. Most pet 
stores doing good business have two or three siiipments ic^j;^'^^ sources of fisli 
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ci\c\\ woek aiul medicate their systems. 1 do r>ot want any of the problems 
they ml^^ht have Inherited from their shippers nor do 1 want their 
medications to upset my tank, so I don't mix their water with 
mine. There are lots of excellent marine disease treat- 
ments on the commercial market. Try them and find 
out which best serves your setup and situation. 

Saltwater aquariums can be a rewarding, 
satislyLng hobby. There are more than 
hOO members of the Florida Marine 
Aquarium Society in the Miami 
area alone and there are 
thousands of hobbyists 
across the country who are 
very^ willing to help and share 
their ideas, tec hniques , and enthu- 
siasm with you. 

If you follow the ideas I've outlined, 
you should discover the pleasures and joys of a 
saltwater aquarium. And ^est of all, you should have 
success with the fewest possible problems. 




GOOD LUCK AND MUCH PLEASURE WITH YOUR NEW HOBBY! 
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INTRODUCTION 



Living in close association vi/ith coral reefs of the Florida Keys are 
a wide assortment of interesting and beautiful fishes that are collected for 
display in home or public aquaria. Exhibition of these fish in aquaria pro- 
vide hours of entertainment, and for landlocked Americans, provides an 
educational experience that would otherwise be unavailable. To many, these 
abundant', brightly colored fishes, with their interesting behavoral patterns, 
are an integral part of the beauty and fascinating biological complexity 
associated with tropical coral communities. This paper presents a summation 
of our current understanding of the biology of 8 major families (30 species) 
of fishes that are of primary importance to the aquarium industry and which 
are collected in the Florida Keys. 

" t ■ * 

This task was primarily undertaken to provide a basis to evaluate wiiat 
we presently -know about these fishes. This was deemed a logical first step 
in addressing the question of whether increasing fish collecting would affect 
natural abundance-- a question being increasingly voiced by concerned citizens. 
"A description of the collection industry and preliminary analysis of its 
magnitude has also been prepared by the present writers (Hess and Stevely, 
1978, The Aquarium Reef Fish Collecting Industry of Monroe County.: Mt^roe 
County Florida Cooperative Extension Service, unpublished). 

Summarizing and organizing all existing information on 30 species of 
fishes was a somewhat taxing problem, an^d the reader will benefit from a few 
pointers on how this paper can best be used. Because the use of non-familiar 
technical language cannot always be avoided. Appendix A, an illustrative 
definition of many technical phrases, has been included (parenthetical Roman 
Numerals* within the text refer the reader to the appropriate definition in. 
Appendix A). Maps showing the areas referred ±o in the Caribbean and Florida 
Keys (Appendix B), and villustrations of invertebrates and plants commonly 
mentiorred in the text (Appendix C) are also included. Lengthy, detaMed 
information is presented in some sections of the paper. Therefore, the reader 
not interested in such coverage may best be served by skipping over these 
sections, or by using the paper as a valuable ref erence--providinq valuable 
information when a particular question arises. An extensive bibliography 
provides those seeking additional information with a valuable introduction 
to the available literature. 



35 

29 



I. CIIAI lODnNTIDAi:: ANGELFISHES AND BUTTERFLYFISHES 

^ Angelfishes and Butterf lyf ishes are brightly colored fishes associated 
with coral reefs around the world. Because of ^their beautiful coloration 
and interesting shapes, they are popular aqu^riun^f ishes. Presently, the 
Mngeirishes dominate the aquarium fish market in^the Keys. They are among 
the few species collected in these waters that can compete in popularity with 
Indu-Pacific and Pacific imported fishes. Juvenile angelfishes exceeding 
two incfies in length seem to fare best on the aquarium markp-fe; smaller fishes 
fiave very specific food requirements and frequently will die in captivity. 
All angelfishes and butterf lyf ishes require small morsels of food, are slow 
eaters, require clean salt water, and hiding places. 

1.1 Description of the Commercially Valuable Species and Their 
Biogeography . 

The name Chaetodontidae is derived from Greek words meaning "bristle 
tooth" ur "iiair tooth". These disc-shaped fishes have small protractile 
(capable of being thrust out) mouths, with slender, brush-like teeth (III). 
Two important subfamilies are recognized: Qbaetodontinae (butterf lyf ishes) 
and Pomacanthinae (angelfishes). Burgess (ly)?^ elevated angelfishes to the 
family Pomacanthiniae , leaving butterf lyf ishes as the family Chaetodontidae, 
but the movement is still debated among ichthyologists. 

Butterf lyf ishes and juvenile angelfishes have evolved an' interesting form 
of disruptive coloration: prominent dark vertical stripes and/or a dark spot 
near^thc caudal fin. This may be of considerable adaptive significance. 
The coloration breaks up continuity of shape, and more im]portantly , the stripe 
tfirough the eye and the dark spot near the caudal fin (which resembles an eye) 
rnay confuse a predator. Since predators frequently home in on the eyes of' 
pvoy during attack, the predator, confusing the spot for an eye, may attack 
the rear of the fish and misjudge the anticipated direction of flight. 

Angelfishes 



-Queen Angelf isli, Holacanthus ciliaris Linnaeus 1758 
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A 

The Queen angelfish is purplish-blue with an orange-yellow trim on the 
Scales. Above the eye is a dark blue area; below it, a greenish-yellow area. 
The mouth, chin, throtjt, and abdomen are purplish-blue. On the forehead there 




is a large distinct blue-edged spot (A), there is a bright blue blotch on 
the gill cover (B),^ and a blue and black blotch at the pectoral fin base (C). 
The paired fins are yellovi/, the caudal fin orange-yellovi/, and the dorsal and 
anal fins qrange with blue edges (D). The .brilliant blue and yellou/ distinguish 
it from all other angelfishes except the Blue angelfish, which is similar in 
appearance but lacks the blue-edged black spot (A) and has a yellow rim only 
ardund its blue caudal fin. Adults reach 46 cm (18 in.) in length. The Queen 
o.ngelfish occurs throughout tropical waters, including the southern Gulf of 
Mexico, and from the coast \of Florida to Brazil. 

Juvenile Queen a.ngelf ish have ^hree light blue bars on the body (A), and 
two on the head (B). There is a dark band through the eye. As the fish grows, 
these bands increase in number, then gradually disappear. 

Blue Angelfish, Holacanthus bermudensis Jordan and Rutter 1898 




A 



The Blue a ngelf ish has yellowish-brown to purplish-brown scales with pale 
edges. Yfie dorsal and anal fins have blue margins (A) except the endsi are ' 
yellow. The caudal fin is yellow at the end (B), but darker toward t\^c base. 
The pectoral fins have blue at their base (C), a yellow band (D), and then 
turn transparent. There is a large, prominent preopercular spine (C) and 
several smaller spines which are all blu6 . The adults reach 46 cm (18 in. ) 
in length. The Blue a ngelf ish occurs in the West Indies, Bermuda, Florida, 
and the Gulf of Mexico. 

Juveniles have a yellow caudal fin (A), blue bars on the body and head (B), 
and a darkfarea between the two bars on the head (C), as do juvenile Queen 
angelfishes. The two can de differentiated by the second body -bar which is 
straight in the juvenile Blue angelfish (D) and curved in the juvenile Queen 
angelfish. 

Gray Angelfish, Pomatjanthus arcuatus Linnaeus 1787 ^ 

The scales of the Gray a ngelf ish are edged in light brown, the Idrger 
scales having a dark brownish-gray spot in the center. ' The caudal fin has a 
lightish border (A), the inside of the pectoral fins are yellow (B), and the 
dorsal and anal fins prolionged in adults and sub-adults (C). There is a lorge 
spine on the preopercule (D) and the lips are white (E). The adult Gray 
a.ngelfish may reach 50 cm (24 in.) in length. The Grey anqelfinh^is found on » 
both sides of the Atlantic, on the western side from New rntil.iiul t f^raziL,^ 
including the Gulf of Mexico. This species has been introduced inlT) 
Bermuda. 
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Juveniles differ tremendously in coloration. The youpg are black with 
two light yellow bars on the body (A), and two yellow bars on the head (B). 
The caudal fin has two yellow bars (C) with a black area inside. The bars 
may be present in older juveniles even after the spotted brown adult color 
is gained. • : 



French Angelfish, Pomacanthus paru Bloch 1787 




The French angelfish is primarily black; however, the scales of the body 
are rimmed with golden yellow. The dorsal fin filament is yellow (A), the 
chin whitish (B), and the outer iris is yellow (C). Maximum size for the 
Frefhch angelfish is 41 cm (16 in.). The French a ngelf ish is found on both 
sides of the Atlantic, in the western Atlantic from the Bahamas and Florida 
to southeast Brazil. This species has been introduce^ into Bermuda. 

Juvenile French a«ngelf ish strongly resemble juvenile Gray angelfish, the 
body black w^th yellow stripes (A) ;\ however , the juvenile French angelfish 
has a round black spot in the caudal fin (B) whereas, in the^juvenile Grqy 
angelfish, this spot is rectangular. The center yellow nose stripe^on a 
juvenile French angelfish stops at the upper lip while it continues through 
the lower lip on a Grey angelfish juvenile. ^ r. 

Rock Beauty, Holacanthus tricolor Bloch 1795 

. ■ ^ . ■■ ■ • • , " ' ■ A"' : . 



' In the Rock Beauty, the back half of the fish is black (A); the remainder 

^low. The front marcjins • of the anal fin (B) and the edge of the gill cover 
are orange (C). There are bright blue areas on the upper and lower parts oT 
the iris (D). Adults of this species attain 30 cm (12 in,) in length. The 
Hock Beauty is found in Bermuda, the Bahamas, and from Florida to Brazil, 

Juveniles of about 2 ^cm (1 in,) in length are entirely yellow except for 
a blue-edged black spot (A) that, with age, increases in size until it covers 
most of the body in the adult, 

Butterf lyf ishes 

Foureye Butterf lyf ish, Chaetodon capistratus Linnaeus 1758 

During daylight hours, the Foureye butter- 
flyfish i^ light^ay to pale yellowish on the' 
sides', -'^Two sets of diagonal dark lines (A) cover 
much of the body; a- black bar cuts through the 
eye (B); and there is' a large white-edged black 
spot in the rear (C), During the evening, this 
species displays two broad, dusky bars on each - 
side, to blend into coral cravices wherp it hides. 
The Foureye b'utterf lyf ish grows to 10 cm (4' in,) 
in length. It is found f rom :Massachfc}3:^tt;3 to 
the Lesser Antilles in the wfe^tern Atr^ntic and 
in the Gulf of Mexico, 





SpoLfin Butterf lyf isii, C haetodon ocellatus Bloch 1860 

Tlie SpotYih/butterf lyf ish lias a white body, 
with the dorsal, pelvic, anal, ^nd caudal fin^i 
yellow. There is'-a black bar through the eye (Aj,. 
and a large black spot in the dorsgl f^n <B), 
^ narrow yellow bar is located along the qill 
opening (C), This species grows to 18-20 cm 
. (7-8 in,) and , is the largest butterf lyf i^h in the 

V Florida Keys, "The Spotf in butterf lyf ish is found 

. from Massctchusetts to Brazil, and in the Gulf 

n'f Mexico , ' \ _ 




Reef Butterf lyf ish, C haetodon sedentarius Poey 1860 

The coloration of the Reef b'utterf lyf ish is' 
white; however, the upper part ol' the body is 
yellow. There is avj^^lack bar through the eye (A), 
and a broader dark area near "^tbe tail (B). The 
rear side of the dorsal and anal fins.arb rounded 
(C), This species reaches 14 cin (5,5 in,) in 
length. The Reef b utterf lyf ish occurs f roin North; 
Carolina to Florida, in the liest Indies, the 
Caribbean Sea, and the Gulf of Mexico, 



3:^ 



33 




Banded Butterfly f ish , Chaeto'dori sttiatus LinhaeCjs 1758 

— : ' — — — — • ; yi. ^ • . 

The Banded b utterfiyf ish ."is white and has- 
the ■same^ diagonal dark lines (A) as the Foareye 
b utterpyf ish . In addition, two broad black 
bars are' pnv the side of tlie J^ody (B) and a third 
' less 'distinct bar is in the rear of the body (G), 
' Again . a >dark bar cuts through the eye (D) and 
there are bands in the dorsal, anal, and caudaj 
fins (E)-, This species reaches 15 cm (6 in.) 
in length. Ihe Banded b utterflyf ish , occurs on 
botlr sicies of the Atlantic; on the western side 
from Npw Jersey to Brazil, and in the Gulf of 
Mexico. * \ 



• - ■ 1;2' Tocal Habitat '- in the Florida Keys' ' . 

■ In Ihc Florida Keys, researchers ' have described 'the habitat of ancjelfishes 
(Feddern 1968 , Straughan 1973) and butterf lyf isheq. (Straughan 1973). Unless 
otljgpvi/ise^ noted, the following habitat descriptiori3:are taken from tliese 
st 



Kcy^ 



Angelf is[ie3 , ' . 

Feddern (1968) described five habitats of angelf is he s^in the upper Florida 

1) Inshore channel habitat : Fairly uniform rock bottom, a few sandy , 
spots, abundant growtfi of Fintjer coral ( Fori to n s[).), gorgonians, 
and calcareous algae ( Halimeda sp.). , Gurronts are swift during 
flood and ebb|\^tides, the water turbid. 

Br idge pil ingp : Sandy or smooth rock bottom with sponges, alqae, * 
coi^al, and other: f ouling organisms which occur primarily on the pilings 
tliemselves. Currents are extremely swift , wat ^LC^^lar ity is depe^ndent 
on the tide./y| 



2) 



. -3) 
1 ■ 



Gorol heads : Gotal heads up to 3 m (ID ft.) across, 3 to 6 ni (10 
to 20 f t . ) in depth, with extensive sponge growth were' sampled.- Coral 
heads 'were primarily Star corral ( Montastrea annularis ) y - a boulder- 
like species that, thrives :in 'inshore areas (Hawk^s Channel ).'^' 




Reef top : Five to 8 km (,3 tdgl^ii.) offsliore witli 1 to 6 m (3 to 19 ft. 



of water overheodv * Bott^p^icons^sted of very eroded rock densely 
covered with algae ahc^^rgonians. There are many attached and en- ^ 
crusting sponges, ' aay^'^ire coral ( Millepora sp.). 

Deep reef : The deep reef occurs on a steep slope 18-33 m (54-99 ft.) 
in depth. It consists of eroded rock with cjVannels and suppiorts U <^ 
dense growth of corals, gorgonians," sponges,^ and sparse algae . 

Feddern commented on juvenile and a^dult angelf isli distribution in general, 
fiv "V^nd pointed out that juveniles are commonly found solitarily in and around 
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coldnieij oJ'J-'rngor npongo ( Neopclrosir^ sp . ) and Fire coral, and tfiat tfioy. 
^^i 42!? ve^lture int o open vi/ai en s. Adult s aro found nround la ri:jr_j:)l^a5d:iL. i^^^^^^ 
•as'^oc'jkk,- ledges , pilings, and coral ficads, and Gviyim more frcM^ly in o[M^n 
Mifithrz'.-' Causey (pers. commun.^ has reported similar obse^at ions. _ - 

Queen • Ariqeif ish : Queen angeif ish are "cpini^icxvarcxnKl- bTK^ Inijhorr 
.cor<;il.; jieacfc and on' the ouLer^r:;at^t3; Ji;\>(erYiles.;;ai':eA^^^^ abunclan.l ofv ' 

the "reeT top habitat. ''^'W . ,-■ ;• . • ' 

: .B'fiie Angeifish : Blue angelfisf) are cT^mmon U^^^^ v/ater and igshoriv 

cliannel habitats (t fiey doininnte angoLf isli pupijlaLionr; prescMiL /on bridge 
pilings) and are coiiimon on coral heads ruid' "t.ti:e:Mj{jter.-, reefs\ ^ Vybri\ui\\um' ^\!)7 y) 
reported llie fugfiest concentrations of arujelfirjJf les. gn^ Uk^ iMMcigc^ pilirujs.- 

Gray Ange if^l 'sh : Gray angeifish occur on the brid.r:je p iiincjs ; fiowever, "tf^ey 
are most [)revalent on the coral fieads and nearshore [)atch cniv i ronmenLs . 
This species' occurs occasionally on the reef ' top -and ' deep ' reed' Juvcfji.lcs 
Can be found in tiie inshore channc^ls as well^- ■ . ■ , 

Frencfi Angeifish: Trench angeifish occur on t fie br idge'fiiJ ukjs ■ and occur 
occasionally in all other fiabitats. * 

■Rock Beauty : fhe Rdck Beauty is found in c(M\'i I rocky arfsis, offshore in outi^ 
* lel^T habitats. It is also found in tfrn mid-c:fiannel r(M?fs'(a !;f la 1 1 ou eel 
iMf f^a 'runn ing Ifirougfi the middlc^of havivk's Gfiarinel). 

Rul t tM'f lyf isfujs 

foureyf^ lUjlterf lyf isf-^ : Tfiis spcHMCs is found in sfiallow {-^jorujc^ f lats and 
around Tintjcr corai as juveniies, as v/e 1 1 as in flawk's [MianruM , and around 
Stagfiorn coral ( A c r o [kj r a c e r v i c : o mis ) as arjulls. fn Ifie v/ar iiieJ\i[iord hs , Ifie 
Foureye b ul terf lyf ir>fi can f)e found in (extremely shallow v;/atfU', f?s[jer' in I I y . 
a'round Ifie tong-5;pined sea Lirciuri (D ladema ard i 1 1 arm ) . (fiis is tfic, mf)sl 
common butto rf lyf ish in the Bnhainas (ik)IUke an(i Ghapl m VJQ]). U le, (oumioi^ 
aruF plent Lful" fiere in; the, flor.ida Keye; from t fn^ f^JickfM)unl ry ( (iu I f side q1;Mif 
K^(jy:s) to tfu^ AL laiit. u\". ri?^f;s;. ^ ' V >: ' 

Spo t f ±u , f3u t te r f 1 y f i sh : lfiis s[jecMes i:; locally alnindanl in r>fial]fj\iy u.'der in 
tfie spring tfirough fall, cand on the outer rer^fs yf?ar rouiKi. 

-Jjet^f • [kit terf lyn.sli : ffus S[)ecK}s scmmms to prefer the MJ-^'^IJ m./HO-lSfJ f t 
dee[)er viyaters .-and is locally c^ofnmon on tlieOut tM' re)d s. .: , 

l^anded fkjtter f ly f i sli : l.jkc fhe Spdtf i;rj' botlfj/TIyTnJ^fry' t fii s spceie': i-; f()iifi<l 
in sha I low viyat ers in t lir^ s[)r ifuj If iroijf^i , f a"! I , 'jr»d-;on ' 1 f u; outer reef;. 

I ;-3 Food llaf)rt s 

v Angel fj sf^ies fetuJ (jrirnrnily on s[)onr]es. I ecfffern ^ ivr,fi ; f fj 'se r i berl jirnjeff^ 
I as t.l»e fnofit important s()on(je ftuuJeir'> in soutfi f hjiid;). f lowf.-v/e c , fie fnunrl f^ 
llie f)(M'centa(](^ of spon(](.^ consumed v/niifMl t fi sf)ee irT, ariff fi;if)ital, with t fi(v^ 



n()r)-sp\)n()e portion .of the diet consistinq of algae. lie further noted that 
ril t f)Oii(\ilv- Hk^ Kock lie'auty, Queen, and Blue amje-Ki^h' consumed pr imarily sponge 
. t ht; I r end 1 .'iaii-.LIra y; .-ffi tje 1 f i sh cpnsumecl vnryigq..^ aino uri t a. * a f-_-spmge... .aiuac^.. 
de[)endi.nq on habitat' sampled. V . ." V/. ' - 

•Rafulail (1967) reported angelfishes to prefer sponges' u ith siliceous 
:;picules (small (jlass-Iike particles, V) u/fiicf) are eaten suceeGs'f ul ly 
t)ecause a tou(jf) inucuut; is secreted around tfio food mass to protect tfie 
stomach, Ifie t'uu major types of sponge eaten by angelfishes fiav/e a lo\i/ 
s{) ic^jle content relative to orgatuc matter, reducing the spicule effect 
soifie.\i/hat , but tfiey fiav(^ a large afiiount of fibrous protein material in tfie 
form of" sponcjin', makinc] digestiori difficult (Randall and Hartman 196B). 

Like adults, juvenile angelfisfi cons\jm(" sporuje and algae. However, 
juv(Miiles may also f ei^d by picking [)arasites (IW) off larger fisfies. Uus, 
inlcM^est inc] biologjcal relationsfi i[j is referred to as "cleaning" and is seen 
in fiiany marine animals- (Holson 1969). [Randall (1967) r(^port(^d filanumts of 
alij.'H^ and rupc\nK\r> iri young an(je 1 f isiK^s . rt^ddern n96B) found s iffi'ila]- ;.: '^^ 
r.t()iiia(M) (Mjntents in adults and juveniles and reported [)arasile p ickiht^'. I ir 
be a :';ma I 1 portion of tfie diet. "/r- 

Ifie f)utt erf lyf isfies, accordiruj to [Randall (1967, J96B;, fed primarily 
on tentachv; of [)olycfiaete worms and /oan t f u)n i ans f(^olonial sea ar kmiioo u^s ) , 
Alevi/on and []r(joks (197';^) found tfiat hul terf i y f i sfies fed [)r i (na r i 1 y on 
coral [)()ly(>s. ffiese f isficf; have long, tfiin snouts, ue li ada[)te(l 1 n. a 
[)i(^kMi(j fiabit tf»at [MMViiits t fi(^m to sn if) coral [)olyf)s from t fic^ (M)ra 1 surf acc^ . 

^ \ J\ 't^retJat. i(jn ' :• ■ 

IfuM^t^ ar(^ rc^ports of [)r(Mjat lori on anfj(\I( i si uv; rjud lA.] t i e r f 1 y f i sf les 

HI tfu? literatur(>. HtJuV^^^^i^^ Dratjovid) (19^;9, 1971J as tnted in Aiken 197'^) 
r(^[)ort(Ml juveniles consutned t)y sr^Vf^i ;;()fH' um; of Atlantic tuna^j, (MifjccMally 
tfie Ski[j],ack (Kati ujVi/anus [)(^larnis ) ar,id Ye 1 1 fj\i/f i r i ( I fiunnus a Ifjai-arcM, ) . 
Handall { 1967) recorded a Rock Ikviuty in fl>e stofiiac^fi of tfie Docj S[)a[)[)er 
( 1 1 it janus jocHJ ) . 

1 . '> »p rodufd i Of 1 • •>^r \" 

Munr(je el al. ( 1973} V<)f>tl ■ A il^v^fi :( st ud i ed . angr^ 1 f i sf km; and liutterfly-^ 

f is>fi(-> in JafnaifNan \i/ri I fu^V,^*;arid foU^^ in rrujre t han ui the r;[)efMrs 

studied, i (^produc t i ve a(^t i v i I y ' uas a[)parent in all months. Maximuffi '.[)auninfj 
a( t ivity ofM'urrfMl b(.4\i/een (JcuMMnb(M' and Mai^tdi. 

Mafiy limes in ttie literaturr^ tf)(v;(^ fistic:; fiMv^' f)f'rn) r(^()f)rted I o travel 
in pairs fi^ofiikf^ and Chaplin 1 96H ; Randall 196fJ; M raufjfian 1975; and Aiken 
r^/'>). If)f^se [)air:; s(Hmii to fijifii arid reform; there is wo evidence of a ■ 
[jf'iMiianef it [jair fjond (Moe, [k,m\s. c(jriihiun.). N(j larcjr.^ fipaunuKj at j( jre(jat i (jm:; 
have bfMMi flescrifjed. St raughari M973) re[)f)rt(Ml I fi(> lUue aruje i f isl), c^M'-'^f^ 
ifi Ifie .area of f inijtM' r;ponfje and cjf^hsc' tied!) f)f \ irujer coraJ , a:; \i/(^ll as 
ai'ound lanjc I (jfjgrM'lK^piri sponrjes ( S{jI h'' r i ospong in n espar i a ) . SI rHiitjlian (19/y) 
■indn\aled similar S[)a\i/riinrj liafnials for fjl hei' anf)(M f i sf uv; and f)utt er f I yf i sf u" 



Since f kjhes l.ick i.ntromitlent organs , rertnizatidn'/iS/pFobeibly^^^^^^ 

external (Aikeri 197h>),.. , Iliere appears lo be little moyement . f rpm^tbe:. .Hio^^^ 
'l^rujeX'of^Tign^^^ 

Aiken (1975>) estimated the number of egqs in ovaries; of severi specien -^f ^ 
ChaetodontidG and concluded th^jt/butter flyf loheG produce more eggs per unit of 
body weight compared to angelfishes. Number of eggs produced per individual 
was usually in the tens of tfiousandS. 

Ik-eder and [^osen ( 1966) r(;por ted • angel fishes; . pnd butterflyfishes to have : 
()(Ma(jic (rioatinq) eggs. Scotton and de Sylva (1972)' found larval butterfly- 
fisfies in Giil f Stn\jm waters. Motf ( 1977) reported rearinf] Gray artgelfish and 
corifirms that angelfishes spawn smooth, pelagic egqs of 1 mm or less, and 
. have H'.ibree, -week pelagic larval stage. [latching requires ib-^U hours in 
\jarm -.uatef (70^-80 f). 'The larvae are well developed upon hatchirig and can 
f(HMr -liif'nisc^lverj within two days (Moe 1977). Where the etjgs and larvae travel 
aft(M' rcMea!je by tfie female is unknown. 

1 . 6 (k.^hav lor 

')larrk and Davis (1966), from their studies on Allitjator l^'of, pointed 
out, "l'fia(?l()dont ids are fictive, diurnal (daytimcO i)rowsers (IV) all more or 
less, ina( t iv(^ at ni(jtit". Ihe Rock Hnauty, Blue, jnd Queen aiujelfish rested 
in fiolc!; and undt^r ledges at nigf)t, were maetivt^ and only rt>s[)onded slucjgislily 
to div(Ms. St^v(M^al s[)ccies of t)utterf lyf ish wr-rt^ also inactive? at nicjht, 
bijl n'S[)Ofu'Jea',.to divers. Ihe Gray and frenct) ancjelfish arc^ more darkly color(M) 
than the bt'hers and, tfierefore, can rest safely in mart? optni locations, usually 
next to <J r'of^k or lar(]e r^poruje . ' , 

fa(|(jin(| (.^xper Kiients (Hardoc:k 191>B , ' Spr in(|er and Mt:Frl(?an 196Z , arKi Hoe 
1972) tiave !ilujwn tfi(-;t^ fisties to fiave a small fixed fiomc? raruje? . IJilson (19/^^) 
ij(^fnie<> tu)ine raiKje as t[)at area wlut^ti an aniifial h*arns t liorouf jl » I y and 
tiahitiially [)atrol!; for loiuj [)eriods. 

Arujrnisties .and l)ut t e r f 1 y f i shes arr^ often sifjfitcMl solitarily cjr in [)airs. 
Jtj\y(,nile anfjflf islifM; and [jut tjM^f 1 yf i stie!^ remain close? t cj sli(Htri" ar(?as, rlrauirif] 
tja( k into crevices and fioltjs as [jot^nit lal darujer n(?ars. 

2. IMlMAPfNJfUDAI : fJAMSI I f Il^fll S 

[ fio Vlamse ] f irilics arc a family of !;mall, trofMcal, insfiore, and reef 
dwelling fisfif^s. Uif-if' fisfies arc^ c^tia rac tiM" i s t ica 1 1 y cxt.rcMiie I t(Mri tonal 
Ml ri^i are, f^->[Jf'^' I y fluring r (^{jroduct. i vr^^^'^" i^^^^'> fnahv; arf^ quardiiKj 

" fM)(js^ 'l>a}iisf;j/7sfif-; arc fiarrly a(|uarjum f isfi(?s and dfJ well in a(njaria as lofKj as 
territorial s[j(.'cies arc? sf^fiaraled lo avoid figfit mrj. lfi(?ir liardincMis, vai icly 
HI st)a{)(? and f iilor, and al)undaru:(? , fiave mad(; damsc? 1 fi r;fir?s [)0[jular amoru) 
cr)l lecl oi s in t lie ^ Inr ida Kt^ys. 

X.l i)cscr i[)t i(jn rjf ttu.' fomrnerf i a 1 1 y Valuable S(jcf:i(-; and 1 he i r 
H I o(j(M;cjra[)hy 

l;?jm!;clf K;hef; fiave (jne d i f ; t 1 1 ic 1 1 vc family r^f iara( t or J st ic makirifj t fumi c:isy 
In identify from suiiilar fisfif^s: a suKjle nostril on (Mtli(?r side f)f^ i fie snout 
r;,s cppcscrl Ir, 001-^101 t WO ) . hofilkc^ aiifl (:iia()lin (I96fi) rr.'(n)rled twelve? 

:j|>f'f-ies of damsf'l f isfK-> occur'TirK) m t fic liafiamar; and ad.jace.'nt \i/ators. 
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I iiiory (1975) roporLocJ fourteon species at Alligator Reef. Eight species are 

-tnjtnj-itknt ^d fi ore. — 

> 

Ific foliovi/ing descriptions and biogeographies are adapted from Bohlke 
and Cliaplin (1968) and.^Randall (1968). Juvenile damselfishes are, in general, 
niurf) more bricjiitly colored and spotted than the adults. 



[hreer>[)ot Damselfish, tupomacent rus planifrons Cuvier and V/alenciennes 1830 

Adult Tlireespot damselfish are brovi/nish- 
yellovi/ vi/itii a large black spot at tiie dorsal / 
fin base (A). The juveniles are bright yelloviy, 
M/ith the large blackish spot faintly edged in 
blue and t\i/o otiier black spots, one on tiie caudal 
peduncle (D), and one at tiie upper dorsal fin 
base (C). This species reaches 13 cm (5 in.) 
in length, 

Flic Ihreespcjt d.amselfisii occurs from south Florida, Bermuda, and the 
:;uul [i\7(n5t GuJf of Mexico , • tiiroucjh the Caribbean Sea and tlie Bahamas, soutii 
ul l.osser Antilles. 





ucua Dafiir>elf isf 

C 



L'upomacentrus variabilis Costelnau [B'jb 

The Cocoa damselfisfi iias n bluisfi upp(u^ 
InnJy (A^, and the lower body is yelloviyish (1^). 
All the fins are also xpllovi/ish except tfie 
dorsal fin i/fricli ^is blue (C). Tfiere is a dark 
s[Kjt ir^ ttie dorsal fin as vl^vII . Juveniles 
liavf? an adclitLor)a] dark mark on t[)e caudal 
pedunc\le (D). Maximum si/(? in tiiis spcMMcvi ir> 
10 cm (4 in. ). 
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foc^oa damr.e 1 f i s>ti ocxnjrs from I lorida and tfie Bafiamas to Brazil,^ 
if Kvl ud HKj llie f,ulf of Mexico. 

i^(^']U()re(j[)J'y , I ufjodiacentru s leucostictus Muller and Troscfiel 1848 ^ 

C The upper Injdy of Bc^aucjretjury is tjlu(^ (A), 

I^?\jyf)CM'e yellow (B). [fu^r(^ is a black spot in 
tf)e dorsal fin (C) decreasing in si/e witf) acje . 
Larcje fnales are dark gray; their tail, fioviyever, 
remairu) ligfitly colored. Scattered h\\\e dots 
aruJ lines cover tfie [)ead, snout, and upper body. 
Maximum si/e in tliis sf^ecies is 10 cm (4 in.). 

ffie Ikviufjj^ecjoj^y is founcJ on botli sides of tfie Attantic; on tlie viyestrM'n 
side f j'Ofn Maine to fira/ i 1 , including liermuda and the (julf^ ol^ Mexico. 

Yello\i/iajl Oamself isi), M icruspa thodon ctirysurus (.\jv ic^r and V/a 1 enc IfMiner^ 1850 

Adult yelloviytail damselfish are v(^ry dark yel 1 owisfi-l^rown \iyitt) scat tercel, 
:;iiiall, i r i (l(M;c^ent t)lu(' s()ots (A). Itir: (N'judal fin {W) i s> Ijrigtit ye 1 1 o\iy ifi 




adults, and alriioi 
lar(je , br i(jt)t , iru 
tei'med " i(*\i/el f i; 



t t j\'jns()ar(M)t in juv(^nil(^s. Juveniles are dark blue witti many 
lal lie l)luo s()ots, resulting in t[K3 juveniles cjften Innng 
t)'\ Tt)is sp(H:ies reacties 19 cm (7.5 in.) in l^i(jth. 





^ . Like the Beauqre qory , . the Y e]J,ojifbail_damself ish_ 
is found on both sides of the Atlantic; on the 
western side from Bermuda, Florida, and the 
Bahamas, to Brazil, including the Gulf of Mexico. 



Sergeant Major, Ajjudefduf saxatilis Linnaeus 1758 



/ The Sergeant Major has t\i/q color phases; the 
pKase displayed being dependent on the habitat it 
is in. When a lightly colored habitat, the body is 
bluish-vi/hite, the upper body yellow; however , as 
the environment darkens, so does the fish, assuming 
a dark grey appearance. The Sergeant Major derives 
his name from the five blackish bars that span the 
body (A) in either color phase. Adults reach a 
maximum of 18 cm (7 in.). 
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Tlie Sergeant Major can be found in warm waters worldwide. In the western 
Atlantic, this fish occurs from New England to Uruguay, including the Gulf of 
Mexico. 

Honey Gregory, Eupom ac en trus me His 

The Honey G*t*egory is a smaller damselfish, 
^ the adults growing to 6.3 cm (2.5 in.). They are 

predominantly yellow, with blue bars ^and dots in 
the head region (A). Variation in coloration 
with age appears insignificant in this species 
^ (Goodson 1976). Aquarists Stan Becker "and Tom 

Reid (pers. commun. as cited in Emery 1973) pre- 
ferred this species because it holds its color in, 
aquaria while other similarly colored species tend 
to fade. 

TliG Honoy Gregory abounds from the Bahamas and Florida, through the VJest 
IndioG, soutfi of Venezuela (Goodson 1976). 

Yellowtail Reeffish, Chromis enchrysurus 

This species has two violet stripes near the 
eye (A) and a yellow tail (B). Thev^nds of the 
dorsal and anal fins are also yellow (C). The body 
is a bluish-gray color overall. nis species 
reaches 10 cm (4 in.) in length. \ 

The Yellowtail Reef fish' otcurs along both coasts of Florida and south- 
ward (Goodson 1976). 

' Blue Chromis, Chromis cyanea Poey 1869 

<^ 

The Blue Chromis is a bright blue fish with 
black trim (A) on the upper body and the edges of 
the dorsal, caudal, and anal fins. This blue color 
helps this species blend into the blue Gulf Stream 
waters where it frequently can be observed 
schooling above the reef. This species has been 
recorded to reach 13 cm (5 in.y in length (Goodson 
1976). 





The Blue Chromis occurs from Bermuda, the Bahamas and Florida, south 
throjjgh the Caribbean to the Lesser Antilles. ■ 

2.2, Local Habitat in the Florida Keys 

Damself ishes^ are found in both nearshore and offshore areas of the 
Florida Keys, primarily associated with coral heads and reefs. An important 
morphological (body shape) variation can be used to differentiate the ^ 
habitat of some damself ishes . Emery (1973) ffound the rounder fishes with 
shorter and more rounded caudal fin (I) live on or near the bottom (Threespot 
damself ish), while those with more oval shaped bodies and longer, more pointed 
caudal fins swim in large aggregations in mid-water (Blue Chromis). He 
conducted an extensive study on damself ishes in the Florida Keys. This study 
was carried out on Alligator Reef where four major habitats were examined: 
1) deep reef; 2) reef tops; 3) back reef or lagoon; 4) patch reefs (coral 
heads). ^ 

The following habitat data was drawn primarily from Emery (1973) unless 
otherwise referenced. ^^--^ 

Threespot Damselfish : Juveniles were rare /inshore , but all ages were common 
on patch reefs. Adults commonly occurred in deep surge channels; usually near 
coral, the walls of caves, or an obstruction on the bottom. There are many 
juveniles on- the outer reef top just belod the Fire coral zone. All ages occur 
on the deep reef, with considerable variation in abundance. 

Cocoa DamselfisTi : This species is the most widespread of all the damselfisiies , 
abundant in both of fshore^ and nearshore habitats . Both juveniles and adults 
are common on the deep reef. • 

Be augregory ! The adults, especially, wer6 common in channels cut into islands. 
Adults and juveniles were most dfernmon\ where -calcarppus al^gap ( H'alim cda sp.), 
rock caves, and conch shells ociPired together. This species as rare below a 
bepth of 7.5 m' (25 ft.).V ' - . . ; • /. V . v 

Ycllowtail Damselfish : this species occurred on patch reefs, but the greatest 
concentrations were •found on the reef tops^especially in the Fire coral zone 
(which is in shallow water). Adults were more common in this zone in slightly 
deeper water than juveniles. 

Sergeant Major : This species occurred frequently around nearshore bridges and 
seawalls, especially juveniles from 1.8-8.0 cm (0.7-3.0 in.). Juveniles often 
remained in schools in restricted areas. Patch reefs support both juveniles 
and adults, but the maximum abundance occurred on the reef top. Cummings (1968) 
reported Sergeant Majors in tide pools and also drifting among patches df 
Sargassum up to 32 km (20 mi) offshore. 

Honey Gregory : This species was not reported inshore; most often this species 
occurred on the outer reefs, primarily on the reef top. Juveniles and adults 
occurred in equal abundance on the reef tops, except in surge channels where 
juveniles predominated. This species seems to prefer areas of dense cover and 
small crevices. 
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YpllQu/tail Reeffish: This species is a deeper water species. Emery (1973) 
F^und large ^gi^ratians of these fishes at 45. m (135 ft.) on the deep ledge, 
-^-yu^reniT^^^^n^^ 

Blue Chromis: This species is abundant on the outer reef top hovering in the 
^r-^^n^ 1 - 2 m (3 - 6 ft.) above the reef. Maximum abundance was 
observed on the deep reef, where both juveniles and adults occurred. 

2.3 Food Habits 

Damselfishes are omnivores (IV), many of them browsers (IV) feeding on 
alqae (although animal material often makes up a large percentage of their 
diet). Food habits of this family appear to be strongly influenced by the 
habit;t in which the fish lives (Randall 1967), with species in a particular 
habitat browsing on the most available food sources. 

The Threespot damselfish and juvenile Sergeant Major eat primarily algae, 
although sponges and anemones are also consumed. Juvenile Cocoa damselfish 
Beaugregorys,'5ergeant Majors, Honey Gregorys, YeUowtail Reeff.sh and B ue 
Chromis rely heavily on plankton, especially copepods. Adult Beaugregory. 
cmsume polychaete Lrms. Juvenile^ Yellowtail damselfish feed on nema ocysts 
rtrnging cells) of Fire coral. Considerable variation occurs among all the 
aboielisted diets. More detailed accounts of the food of these fishes are 
given by Randall (1967) and Emery (1973). 

2.4 Predation 

Randall (1967) and Emery (1973) reported jacks, barracuda, and grouper 
to be the main predators of damselfishes. 

2.5 Reproduction 

All aiamselfishes studied to date produce small ^^^^ ' i;;^^^;,^^/;-;;;^^'"' 
to a hard\ubstrate (choice of substrate is species specific) and cared lor by 
The parent until hatching. It is likely that all damselfishes reproduce m this 



bj\ne manner 



• Courtship involves a series of looping motions around a cleared well 
guarded nesting area (CUmmings 1968). The elliptical -5^^,^-^:;^ e efu^ 

substrate by a tuft of filaments at the base of the egg- The eggs are ^^^f'^^ 
nuarded day and night by the male for up to 8.5 days (Bredcr and Rosen 966). 
r eggs hatch into minute larvae 0.15 cm (l/l6 in.) long- A ^-o floating 
perioH3-4 weeks) follows, after which the ^^sh settle to the bottom as 
juveniles (Sale 1976). Much of the following data is drawn from Emery s (1973) 
extensive damselfish study on Alligator Reef, Florida Keys. 

Threespot Damselfish: Found nesting on large patch reefs. Although abundant 
00 Fire co ral, it has not been observed nesting there. 

Cocoa Damselfish: Nests located on the shallow edge of the outer reef. 
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■ neaucjrcqory: Dnery (1973) reported the Beaugregory nesting around islands. 
Brcder and Rosen (1966) noted it often placed its eggs in large, empty conch 
(otrombus sp. ) sHells," or utilized undersides or rocks and dead s^ fans 
•Females began breeding at 5.5 cm (2 in.) in length, and the breeding season 
extended from June to August (Longley and Hildebrand 1941). 

YelloM/tail Damselfish : This species nests below the ridge of Fire coral in 
areas of heavy algal growth. Breeding occurred from June to August (Lonqley 
and Hildebrand 1941). ^ ^ / 

^jergoant Major : Nests are found below the breaker zone in deeper, quieter 
surge channels on the outer reef. Cummings ( 1968 )■ reported these fishes 
aggregate when not involved in reproductive activity. Stark and Davis (1966) 
observed nesting year round at Alligator Reef, with a peak in the summer. 
Males were found guarding from 4,000 to 84,000 eggs,' the average female 
contributing 20,000. Clutch size (number of eggs laid) appeared to be limited 
by subi^trate (bottom) type. 

Honey Gregory : Emery (1973) located nesting Honey Gregorys in the back reef 
rubble area at Looe Key and Alligator Reef, Florida. 

Yellowtail Reeffish : Reproductively active fish were found in August in the 
Dry Fortugas (Longley and Hildebrand 1941). No other data available. 

Blue Chromis : Feddern (pers. commun.) has observed the Blue Chromis witli 
sand nests and nests on hard substrate with low algal cover. Myrberg et.al. 
(1967) studied a closely related species, the Brown Chromis ( Cliromis multilineata ) 
These fish were reported^ to defend small areas around rocky ledges and 
crevices 3-20 m (9-60 ft.) in depth year round. Group aggregations occurred 
above these territorial areas, and females were observed to individually deposit 
eggs on nestmg prepared by the male. In one case, paired spawning 

without groiit'Tfrhjgregations was observed. Tfie eggs themselves were microseepic, 
visible under a low power dissecting microscope. 

2 ."611 U^ohavior 

Oamselfishes are cfiaracteristically extremely territorial (IV/) witfi tfiis 
. territoriality%ecoming pronounced during the breeding season. However, tlio '-- ■ 
Beaugregpry ancjf Cocoa damselfish remain extremely territorial year.' round. 
Tfirephci:^ (1^76)* addressing the territoriality of the Threespol. damselfish , 
shovi^d the sizeJtffH.he territory defended to be related to the type of food 
Gf&en by the JgP^er. Proteption of the eggs and shelter site are also 
cfpepc 




dcfpeffdpnl upcwKterri toriality . 

iSt^cl^. and -Davis (1966) observed diurnal feeding in damself ishes / These 
f i^^ties , moved ' into caves and crevices at night to hide (except males guarding 
eggs, 'a duty they perform day and night). Emery (1973) observed the -Sergeant 
Majbr moving low in ;the water column as the sun set, schools breaking up, and 
fishes assurniny a. dark color phase. Yellowtail damselfish dulled in color 
and rested on their, pelvic fins in crevices. The Blue Chrom'is also darkens at 
night, moving, inte crevices. The Beaugregory, Cocoa and Thrcespot damselfish, 
Honey 'Gregory, and Yellowtail Reeffish did not undergo color changes, hut did 
move back into'vreef crevices at night. 
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3, APOGONIDAf: CARDINALFISHES . 

--GardiT^aif i-shes--are-4:^ (active, at night},, reddish, large-eyed fishes, 

associated with coral reefs in tropical waters. Because they are so numerous 
and occupy so many habitats on the reef, Goodson (1976) has termed these fishes 
"masters of the night reef". Their small size and interesting colorations and 
markings have enabled these fishes to grow in popularity on the aquarium market, 
Cardinalfishes demand a high water quality and prefer live food. Therefore, 
they are not always successful in the home aquariup (de Graaf 1973). 

3,1^ Description of the Commercially Valuable Species and Their 
Biogeography 

Cardinalfishes are characterized by two well developed, distinct, dorsal 
fins (I); one spiny and the other soft-rayed. They have a large mouth and 
a rounded forked tail (I). TJie reddish coloration of these fishes is a common 
.characteristic of nocturnal fishes, especially on reefs. Ihe red color enables 
tlie fish to liide in crevices and blend .into the shadows during the day. 

Bohlke and Chaplin' ( 1968 ) reported 18 species in the Bahamas. Livingston 
<1971) reported at least 8 species on Alligator, Long, and Triumph Reefs. 
Starck (1968) reported 17 species on Alligator Reef, Two species are considered 
here. Species descriptions have been adapted from Bohlke and Chaplin (1968) 
and Randall (1968). 

, Apogon maculatu s Poey 1861 

The Flamefish is bright red with a round,.;/ 
black spot beneath the rear of the second dorsal:^;; 
fin (A), a broad blackish, saddle-like markiru)^ 
on the caudal peduncle (B), and a dusky spot on 
the operculum (gill cover) at eye level (C). 
The maximum length of this species is 10 cm (^ in.'). 

The Flamefish is found from New England to Bermuda, the Florida Keys and 
the Bahamas, to Brazil, including the Gulf of Mexico. 

^Barred Cardinalf ish, Apogon binotatus Poey 1867 ^ 

Like the Flamefisti, the Barred Cardinal fi sfi 
is bright red, but has two black l)ars on the Un\y 
(A). This species reaches 13 cm (5 in.) in length. 

The Barred Cardinalfish occurs from Bermuda, Southern Florida, and th(^ 
Caribbean to Venezuela. 



Flamefish 
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3.2 Local Habitat in the Florida Keys 



During the day, according to Strai^ghan (1973), cardipalf ishes hide under 
ledges, or small coral heads. At night, they emerge into the water column to 
feed. * 

Flamef isli : Several investigators have reported the Flamefish to be the most 
widely distributed of all cardinalf ishes in offshore areas (Longley and 
Hildebrand 1941, Stark and Davis 1966, and Livingston 1971). Livingston (1971) 
found the daytime habitat to be holes and caves in and around the reef. They 
occurred singly and in pairs and were often associated with the Long-spined 
sea urchin. Flamefish have also been reported by Straughan (1963) to occupy 
inshore sponge beds. At night, the Flamefisli" can be found out in more open 
waters feeding, but they remain near the daytime shelter area (Longley and 
Hildebrand 1941, Livingston 1971). 

Ijarrcd Cardinalf ish : This species is an offshore dweller, located in holes 
and ledtjes by day and emergi-ng into the water column at night to feed 
(Livingston 1974)- In the Tortugas, Longley and Hildebrand (1941) found this 
species to be. associated with Finger coral and ledges of other more massive 
corals. 

3.3 Food Habits 

Cardinalf ishes are almost all nocturnal, voracious (greedy eating), 
carnivores (lU) according to Livingston (1971). They feed primarily on small', 
swimming crustaceans (shrimp-like animals) in the plankton, small fishes, or 
small invertebrates (Randall 1967). Migration from the daily . shelter spots 
during nocturnal feeding does not appear to be extensive (Starck and Davis 
1966, Livingston 1971). 

3.4 Predation 

Randall (1967) reported an unidentified cardinalf ish in the stomach of the 
Trumpetfish ( Aulostomus maculatus ) and that the Graysby ( Petrometopon cruentatum ) 
consumed the Dusky cardinalf ish ( Apogon pigmentarius ) ■ Longley and Hildebrand 
(1941) found the Flamefish in the stomachs of two snappers, the Gray snapper 
( Lut janus griseus ) and the Mutton snapper .(L^. analis ) . 

3 Reproduction 

Cardinalf ishes brood their eggs orally. This unusual technique involves 
incubation of tfie eggs in the mouth of the fish, typically the male. Breder 
and Rosen (1966) reported eggs to be held together in a cluster in the mouth 
by threads attached to each egg. This is probably an adaptation to insure 
greater fiatchiny success of the eggs since fish eggs are one of the foods of 
many tropical fishes, and the cardinalf ishes, as a rule, live ir) rather highly 
populated areas of the reef. 

Pair formation occurs during the winter (Causey, pers. commun.). Breeding 
peaks from August to November and April to June (Powell 1975, Luckhurst and 
Luckhurst 1977). Larvae and young seem to remain- in tfic area of fiatchincj 
(Causey, pers. common.). 
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3.6 Behavior 

Gardinalfishes -are-^lou/^ au/kward.sMniDe^^ (Livingston 1971). Perhaps 

this is related to their reluctance to leave caves and (Crevices during the 
day. Hovi/ever, as darkness approaches, the cardinalf ishes assume a lighter 
color phase and move out from their daily shelter site (Starck and Davis 1966, 
Livingston 1971). 

.4. OPISTOGNATHIDAE: JAWFISHES 

Jawfishes are warm-water fishes, living in vertical burrows that the^^ - 
line u/ith small stones or shells. These fishes can be fascinating in an 
aguarium because burrows are established and often competition for stones and 
shells to line the burrow follows. However, because jawf Ishes are a rather 
retiring (shy) species, care must be taken to see that they get enqugh togd. 
Jawf ishes have fared well on the aguarium market in the Keys, and the Yellow- 
head jawfish is freguently collected. 

A.l Description of the Commercially \/aluable Species anc^|^ its 
Biogeography 

Jawf ishes have large heads without spines or ridges. The face has an 
extremely steep profile with large eyes, a very large mouth, and an elongate 
body. In the Bahamas, Bohlke and Chaplin (1968) reported 5 species and Randall 
(1968) reported 4 species. Stdrck (1968) found 6 species on Alligator Keet . 
Only one species will be considered here. 

Yellowhead Jawfish, Opistognathus aurifrons 
Jordan and Thompson 1905 

The body of the Yellowhead jawfish is light bluish- 
gray, shading to bright blue in the caudal fin (A) 
and rear of the dorsal and anal fins (B). There 
are numerous pale blue dots on the body and fins 
as well. The mouth, head,' and back neck region 
(from the head to the ba;3e of tlic dorsal fin) arc 
yellow (C). This fish approaches 10 cm (4 in.) 
in length. 

The Yellowhead jawfish is found in the Bahamas, Florida, Cuba, and the 
Virgin Islands. 

4.2 Local Habitat in the Florida Keys 

Yellowhead jawfish live in colonies. ^ Colin (1970) reported tlicse fishes 
prefer the seaward side of the reef, usually in depths exceeding 7 m( 23 ft .) . 
The bottom must be soft enough to dig individual burrows. Colin (1970) described 
three types of burrows, each being 13 - 17 cm (^-7 in.) deep: D under rock 
burrow; 2) open chamber (which was lined with coral, but not roofed by a fock) ; 
and 3) terminal chamber (made of an erosion hole or fracture in a large rock. 
Ideal habitat, according to Bohlke and Chaplin (1968), is crushed sand over a 
rock within reach of Turtle" grass ( Thalassia sp . ) and long-spincd sea urchini; 
and having a strong current overhead. Jawf ishes have been reported to occur as 
deep as 4^ m (135 ft.) 'in the Florida Keys (Bohlke and Chaplin 1968). 
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; Because Yellovi)he«d--3au/fish: Teed on plankton (lU) certain restriG-tions ' 

•on itG feeding are posed. These fishes spend as much as 90?o of their daylight 
hours in search of the small, Widely distributed food items (Colin 1970). 
Like most plankton feeders, the Yellou/head jau/fish detects all of its prey . 
with its eyes. The use of eyesight for picking food particles has resulted ih 
the development of binocular visiop (Using both eyes at the same time, whereas- 
n22^-*^— - utilize monocular -vision: the use of one eye to focus on an object), 
I>tt1^c\aar vision greatly enhances depth perception; however, this vision is 
rostrictcd-tT5 daylight hours (Colin 1970). Bohlke and Thomas (1961) have 
posttfl^ted that the tear-drop shaped eye of jawfish, along with special ligament 
development, are adapted to provide the sharp eyesight required foro hovering,' 
plankton-feeding existence. The eyes of. jawf isties are located so . that bi- 
nacular vision can be obtained while the fish hovers upward in his burrow. 
Colif) (1970) recorded a horizontal feeding range of about 1 m (3 ft.) and a ■ 
vortical range of 1.5 m (5 ft.) from the burrow. . • 

Randall (1967) reported that copepods were the primary food of the Yellow- 
head jawfish (85^0 of stomach contents) with shrimp larvae also being eaten. 



Predation 



Colin (197q,, ■ 1971) reported on reactions of Yellowfieqd jawfish to other 
fishes s\i/imming near, over, .and around their burrows. Tfie Nassau grouper 
( Tpineplielus striatui3 ), Yellowtail snapper ( Ocyurus chrysuru s) and Margate ' 
( Haemulon album ) caused the most severe retreat reactions *by tfie jawfishes. 
Randall (1967) reported 2 jawfish ij^ the stomach of the Southern Stingray 
( Dasystis americana ) . Colin ( 1^1 )^ speculated on several species as p lontial . 
predators: the 3 mentioned above, plus Sand tilefish ( Malacanthus plu.nieri ), ' 
Slippery Dick ( Halichoeres bivitatus ), and the Yollovi/head wrasse (H", garnoti). 

4.3 Reproduction 

Jawfisiios spawn from spring through late summer (Colin 1970). Mayo (per's. 
commufi. as cited in Colin 1970) described a sfiort larval life (1 month) after ' 
whicii the young (which are unusually large upon fiatching) sejitled to a 
burrowing habitat. The larvae and young remain near the area of hatching 
(Causey, pers. commun . ) . Females produce 1500 ocjgs, which aro urally brooded 
by the male (Colin 1970). 

Leong (1967) described pair formation and spawning of the Yellowhead jaw- 
fish. Pair formation involved a male leading a female into a prepared burrow. 
This was accomplished by the male swimming high in the w^ter and performing 
attractive movements (displays) for the female. If successful, tfie male 
attracted the female out of her burrow and together they would descend into a 
third burrow (the male tail first and the female head first). This pair format lori 
occurred long before spawning, and once performed, the two formed a pair, 
permitting one another into their respective burrows. A pair will defend a 
burrow ai'ea (each pair defend^ 2 or more burrows) against a third intruder during 
breeding season. Sex partners are permitted to enter one another's' territory 
and burrow without fighting. 
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Before spawning, the male .enters the female 's -burrow more frequently, but 
neither remain together long. Courtship ' displays -are similar to pair formation 

\i/ith--the.-xnal-a-attr-aGtingJ;he.:femal^ 

female departs. The male incubates the eggs orall);^ rotating them for aeration, 
arfd depositing them on the burrow bottom during feeding periods. During this 
incubation period, the female is bannt^d from the male -s- burrow , but the raale* is ' 
permitted in the burrow of the female. 

. . 4.6* Behavior 

. , Although jawfishes live individuq-lly in (purrows, they are a siocial species 
in'that 10-20 burrows comprise a colony. (Colin' 1970 ) . Jawfishes spend mp'^tur 
the daylight hours hover ing'^ just above .the burrow, but at nighty they retreat . 
into it, and shut it with a rock (Colin .1971 ) . The burrow is lined with rocks, 
and the large canine teeth (III) of the jawfish have been hypothesized to aid in 
cai^rying these rocks (Colin 1970). Stealing of rocks and other suitable 
burrow liners are common in the colony. . 

tongley and hiildebrand (1941) described the threat response of jawfishes, 
"On the approach of danger, they settle down tailfirst, and in an emergency, 
they dart in headfirsj:-" Jawfishes were reported as terriliorial , but.Cplin 
(1971) found them nm, to be as forceful as damselfishes, defending tiiefrrsei ves 
only agains,t smaller or similar sized fishes. 

5. SCIAENIDAE: DRUflS. AND- CROAKERS 

' ■. ' ■ ■.'*■ ■ - ■ * ' 

. Drums and croakers are so named becaLise' of their -ability to produce sound 

with tlie muscles of the swim bladder (IX), this organ acting/as a xesonance 

cfiamber. The reef dwelliryg drums discussed below are impressive, especially 

juveniles, whose first dorsal fin (I) is elevated and may extend beyond tfio 

caudal fin. These fishes (especially the Jackknife and Spotted drumO present 

several problems for the hobbyist:,' 1) they requi^re plenty of space;' 2) they 

are finicky eaters; and 3) they seertv prone to skin diseases (de Graaf 197 5). 

However, the time spent in maintaining these fishes is well worth the . investment 

if their beauty is considpred. 

5.1 Destription of the Cornmerciaiiy, Valuable Species and Their 
Biogeography * 

Thi;^. "family of fishes is characterized by two distinct dorsal Tins ■ (T ) 
bareiy ^cpnoected at the base. Tt»e f irst dorsal is elevated. This niny deter 
predatotrs> since a large mouth would be required to swallow tlie fish whol?- 
Bohlke and Chaplin (1968), and Randall (1968) reported 4 species in the Bafiamas. 
Starck (1968) reported 7 species on Alligator Reef. Three specie.^ are 
cofjsidered here. Species descriptions are adapted from Bohlke and Chaplin 
(1968) and Randall (1968). - * . . 




Migh'Hat, Equetus acum inatus Bloch. and Schneider 1801 




The High Hat has a series of dark brown gnd white strides, the dark stripe 
alternating in vi)idth.frdm a narroM/ to broad (A). Young fish have fewer stripes 
(B). The, first dorsal fin is elevated .(C) , especially in juveniles, in which 
it is elongated as well. 



The High Hat occurs from Bermuda and North Carolina south to Rio de 
Janeiro, and in. the Gulf of Mexico, 

Jackkhife Fish, Equetus lanceolatus Linnaeus 1758 




The Jackknife fish is gray with 3 white-edged dark brown to black bands 
(A). The jyj^iles are impressive with elongated first dorsal fins (B) 
(Goodson 1976). This species reaches 23 cm (9 in.) in length. 

^The Jackknife fish has been reported from Bermuda and South Carolina to 
Brazil. V . 

Spotted Drum, Equetus punctatus Bloch and Schneider 1801' 




The Spotted drum is grayish-white with several brown to black bars on the 
body (A), The second dorsal fin, anal fin,'' and caudal fin are dark brown with 
white spots (B). Juveniles have no spotting. This -species is the .lanqest 
drum discussed, with adults reaching 26 cm ClO.5 in.) in length. ^, ^ 

The Spotted drum occurs from southern Florida to the West Indies. 



Ouriiu] thr ehiy, Unvir lisli in siiuil 1 tM^^i^M^- uiuliU\ Iriliii-; or rt)i 1 

htkulr. (I^aiulall l^^6H);i flu)h llalr. iw'v oIliMi n^pnrlrd anujiul rurks , s;uul, lurlli^ 
c)ixir.r», iM)ral, or coml) i.nat ionr, n\ ( !;i rani)han 1V7 5): Ihr llujli Mairir. ulmnr.t 

alvi/ayr> [)rrs(Mil on filial Uni/ vvr\ r> :;orroniuliMl by •;oai)ra's^u;s ( '.I ram |h;u:\ 
Ilujh llalr. an^ Iho hanlu-ii of llio ^ S[)iumos, aru) . aro o.i* i im) t (uiiul UK;lulrt^ \jlicn\^!. 
Iho JackUti ile^ rii>h ami r)[)oileHl tjruin arr rosiriattMl lo ouioi^ vcr\ M/alt;rr>. 

" - , S. 3 i ot)el Hal) its . ■ ' ' 

All Ihrrt^ spetvi os ftuMl jir Miiar i I y al niiil^l. Noolurna'l inu)raliofi from 
L\avtMr ar)il (MM^v irV^j K-Uo llu^u/alor ooluiiui lo iotul ir, \ur\ \ dovajinonl od (loiuih-y 
and III hlobraiul VM-I; Slari^k ariLl Havi;; 1%6, IJaMciall l^^(>/). 'Slarrk aiul Havi 
(1966) ro[)()rl(HrruWlurrKii reoLlinc). lo ho iit)LLf'.ary. Kaiulall (l'^6/) rt^porUn) I lu^ 
'lliqii Hal IfHulr, ()riinari.ly on shrim[)r. .'uul shviiup r/rvao,^ ar> woll as olhor 
i^UKjl ai^fan;;. Iho Jat^kknifo fish alst) tennis, on ;ltu*iiii[)S^ ami po I yohaol o vi/orms , 
Iho ripol l od drum has, Lho most var iod iliol , rLHHin,)tj 0[) aM\\hs, on uliMit 1 1 km) 
crusl aiu^ani;,. s.hr imps., and hermit j,:rahs (HvUidall ^967). 

b Prodal for) 

No information is avai\ablt^ in t ho liltMaluro i^oncorn inc) , j)Vodal i on oii ' 
ajiy s|)OCMos of lho tjonus Liiuotu^; ,; [^)iisum|.);i"Wi ;»)t; lho lli^jh Hat- ll)o Kiiu}od 
i,n(^mono ( ha r I ho lomi- a annul (it a^ ) i f ( ^ > (,i aquaiM.gin'vlK Urcw oh-iorwod l)y John 
' Stove ly . 

, S Ixoproiluot. ion ' - 

t^iocisofi (1976) ro[)orlod mombov*^. of the qtMUJS I quel us lo \)v poriiianont 
resident's on theireof, unlike other memliers of I lie InMaenid family, lhal hive-, 
to move to est uaritid'^ vikiter s. to s[^awn. l\uuuHiuenl I y , this. has. t^xlcMided I ho 
ranejo of tfio (jenus. tquefus to the Wes.t Indies., feidral .anci r)Oulh AiiuMMea. . 
•Lbnejley and I l.i Idebrar id (19^11) found reproduid ively (^B ive. i oinaK' JatJ^kn 1 1 e 
flsli from June throutjii Au(]ust . Monro (1973) re[)or U^d V i pe f eiiial e .Spol UmI 
drums in April, July, arul !)e[)temLxM' . IU'(Hler anci l^os>en (1966) repo^ I od (MMKik(M's. 
have [)olayic eijcjs . Moo (pers. e-ommunj ha:; rais,ed t)otti Ifie Jaokkfiil(^ I ish 
and Hujfi Hc'H' and reporteiT'r'T larval statje. 

"' "^'^^^ .6 l^efiavior ■'" ^' . ^ ^ . v- 

As mentioned, drums are a(^t ivt^ (■'at iii(jht. Aeeoy^liruj lo SI arek and'Oavi:; 
(1966) ttiey "oftofi appear in qroups of' u[) to 2U durk^ij the day,- but tend to teed 
■ solitarity at 'n'i(]ht\ Beebe and Tee Van ( 1933) [)ointed out 'a [)ermaruMuu^ in 
efioiec of liabilat, i.e., uidiv uiua Is. ioeaLi^'d in t h(^ w.wwv (M^eviei^ vj(M;k ait(M" 
. vi/cek . , ' 

.;6. bLENNllDAi: : [^Lf NNIfs';-' ■ [ 

Blmnies nre small, btunted-fieaded , l)ot torn fisfies. (Randall 196H). \)cr\)C 
and lee Wan (1933) described this family, "Ihey r.rcm iu be tf^e m()s,t. V'mte 11 ojonl 
Rormuda fisfi by their actions and appkuYuie(). Ifiis is enliaru ed hy h;ind and^^ 
foot -like use of^ the., pelvjo fins, an()\:c)VTS[Meu()US iritellit^Md lookinq eye-;." 



f'-l lV'^!;r r i,pt loii iil tlit^ l^miimMiM .1 1 1 v \/.ilii.iL»lr S(hm - u - ; . ti n J ItiiMr 
l^ii)i|ri)i)i;a|)hv ♦ . 

"'•^ tWroiiv t.iiiiilv I'i t^jiii-h nlrnt if umI h>y ( hr run I 1 1 moi i;; iI(M':;.i1 im (1), 
MtM hrokiMi iijtii tu/o p.ii'.t:; .is wi^ h;i\/(^ simmi in iikjs.I I i sh taiiiilirs.. Ihr 

^'■^'^^^ (MM rriiiMnh) iiu| ;i -niiit) (^Hi^hlkr nnil MuipMn I n)lit s,|ii^t:H-; uvr 

■Inuiiil HI Ihi^ Uati;nn;»!; (lUihlk-(^ siul I'liapTrn i'hyll) iuult^SMirck ( P^oH ) . rrpnrtiul S 
-(^^'^""^^'> AMnjsMor \yr\\ ']\]vrv !;p(n'.irs i^rr rnMrrUMi ii) Ihr Kr\y,, Ihr 
' '^'^'"'I'l di^s.r r ipl MHi:; arr .ul.iivhnl t rmii linhhvr .iml MispMii ( l^^(,lM ami K.ukJmM 
M^^(.M-M • ' V . 



lil M Jlij hM , l UtMi n ins, iJ,'J-MiJUr; I iiinnrn!; 1 ^ 

IIh^ MnMv MllhM' J'. iMiifinrtivr uith iM,; hsnd 
rirri (M nn (.hi^ hisul vA). llohlkt^ siuirhs(iMfi 
(M<)M) rt^[>ortril thi^s.r n[)piMui>ii|rs In hiMpl nl t rr 
brtli "thr sssttMiintist slid [ ) im v ;u(nnh 1 n f n r uthrr 
iiul iv ulna h; nl t fir bhMinv :.[)r(Mrs" 1 u rrr ( i( ]n 1 /(^ 
nnr ahidhrr. l\)h)raUiiii \'ar u^s krniii yiMhiui h- 
d'^-'V nil [\]v hark, and tMnish-ijivu (u ahiirsl. mM h)U 
rnhirat inn nii Ihr s.idt^. •Ihin'r aia^ luiiiirrrns s.iiia M 
. hrnwii spots, s.niiu^ nk \;/h U'h knrui sdripi^s and hars. (h) 
paij.'d tin:; .lit* >(-Mnuy. Ifu^ Mr M \ MiMri' tias> hriifi ia^[U)rl(Ht tn lasii'h / rin * 




1 [ ) 



in hMujlh. 




• s.[)iM\u-s IS. tiinnd nn k)nni sidrs> nt t tu^ At 1 ai.i.t 1 , nn ut-disii ;;idr 

t I rin luMiiinda, ttu^ liahaiiias , and d tir I 1 nr 1 da^ kt^\ s, In Mras 1 I . 

i\t*d M() hltMiny , llph I n h ItMin ins allantirns 
[Hiv UM^ and Va h^ir um intM; HM6 

11)1^ atinlt Ium1M[i hhMiny k; (kirk, utiih^ prn- 
i|r(v;^j iviM y ynnru)(^r juvrnMrs. aiM^ MijhtiM' in (M)!ar- 
nluM). hirrr is. a dark s[int htMiralfi tfn^ ryi^ ( \), 
and (firrt* art^ rtul ar(Ms> nn I lir r(ji](^ ok tiu^ (k)rs.vi! 
kin, M[is, and parts/ol^ thr candal and [)tMdnral kin: 
(h). IUmsuisi^ oI tlillriaMit rn 1 nrat 1 on' in thr 
JuviM ) 1 I i^s, , afui difkrrtMit hcjdv s,[ia[)r ( i nrprdn- , a r ) , 
thr jnviMii hv; o\}cr ronsidrrrd a s>rparatr 

s,[)rr . ( hnrtikt^ and Idiai^Mn l^>6[0. Un^ k\nlli() [)lrnny rrarhrs, [2 rm (S m.) in 
hnujt h . 

• Hii:; s>[nnMts, nrrni^s krtun lU^rinnda and 'iOntti [\jrnMna tn thr i rs,s,iM- AntiMi^s,, 
and ra:;tr"T:n idinrts; n( ki^ntral AiiuM^rri. ^ 

'usiutMMl lUrnny, Hicain lus iiiariiujm is Pni^y 1B7'; 

Mu^ SraumHl bh^iny fiai; a ijoUltMi lirad (A) uiih 
lirnun from tdir ryes, to U)r isjuckiL kin. Tons iLlrjsab h^ 
var.iatinn iri tfie stiadinf^ oceajrs. lins S()rrirs 
ont havr a :;rr it*!.; of r i rr i nn tirad, s nr.t^ 

out(|rout(] {[]) , \\)r Srawrrd t)h'nny rarr^ly rxcnnnlj? 
7 a^f!) ( 5 m . ) in 1 tnnjl li . 
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'hmvi/immI l)lrn[iir:; oiuMir I ruii NniMli (\iruliiKi to Him/ i 1 , iiu^liuhini I hr l.ult oT 

I iumI II. ill I t*;it id t hr [ lor i J;i Krys ^ 
% 

tUiMiini*:; in^iy l)t^ I uiioil 1 1 1 ' I ulrpoo 1 , on rooky :'.lo|)o;/, niulor luuililor:;, m or 
U(uI(m' r.holl:;, m iir;i;;s l)(nls, aiul ;irouiiil iMirol:; (Hohlko (uul (1ia[>lm T^hH ) . 
1 ypuM Ui y 1u)l t oiil il\i/(Mlint| I islu-;, tlu^y livo in rlo-.o ar>sooialion \i/ 1 1 h rook:; ami 
roral, on tlu^ -,url a(a^ ootil ilaiujcM' a[)[) roaohos , Ihoii hi(lu)i) wiiiuU^ 

** ori^v ami ho 1 tv; . ^ 

Wul_J> nijj2^£: *>t raiMihao roporliMl Ihn; s[)ihm(v; to ski[i arouiul tlu> ooi-il 

iThM/ FivMoij 1(1 orovii^^t; in I lu^ I'oral. Kaiulall ( P^^H ) auil Siiiiiti ( /^'O touiul 
^htMi* to ho iDiiHiion Ml rvuMs> aroai; noar slniro aiul in t i di^i )(ui I r, . 

Koi ||^ lihMuiv: hohlko ami lMKi[)lin .(l^'^'^O ro[M)rltMl I ho; -.pcHMor. to [irtM^o r;;! la I I ov/ 
u/altM- tiir o'nraT ami roots l)ottoMK;, t lu^ ilot^por.t rtnntnlod -.poiM(-a takoo at M It.). 
Itir :;(Mnor auyuir has t)ln;or\/(Ml t h j t; r.pooit-.; oo iiis.horo ooral lu\ui:; a[ul on r.hallou 
noliM ro(d aroas. (\uis(^y ([um's. laMiuiuin.) ro[)ort(^cl many lUoniiic^:; on l)rick)o [ulnujr. 
;hiI id^ohannols dnriiu) t ho soniiiuM' ot^ 1977 lolloy/imj t lu^ January ami I tM)ruary ia)UI 

spHl:;. ^ 

'►iMut'rvl lUonnv: Homjioy ami II i hli^liraml 119^1) n^[)Ortocl thir. sptnMOo. to oooni^ on 
rmTTTi.ToT^; , ami in doad iniral, olton niakiiu) its homo in tl^' ho! or. ot tniruui 
lw\; 1 1 vos (o lam:;) . lhi^\ a[:;o lourul tlu^iii umltM' a s.uujlo roi^k in s.aiul or a :;im)!o 
ri)r il tn\ul in hirt It^ ijras:; it s.hiMtor v/a:; [ifowiiltHl. 

o . '> I ood I ial> i t !; 

lilrnnio:; iwr l)oi t om lotnttM-;, oatim] [)rniiarily ahjao and dt^tritos ( docaimpos. i n< ) 
iu;jt(Mial) llvaiulall V)G7 ; HvcM'st iHM^t , [)tM's. oomimin . - as'^'o i t od in Smith 1^74). 

Ihanlat ion 

Iho only rofiort ok [uanlat it)n in tlio I 1 1 (U\it iiri^ is. ok a I ruiii[)o I k i s,h lain- 
:;uiii nu) . an' on kIcm 1 1 i k i od t)ltMiniid (Kandall 1967). 

b . '> Ki'prodijt^t ion 

Ihe anal kin (I) has bcrw tisod to sox liltnuut-; (^Miiitl) 197^). lh(^ I irs.t anal 
kid ^;[)ino in liMiialo'; is> Ivaroly visit)hs tho sooond i;; ohvnjus. In malos, tho:;(^ 
tuo ;;()im-s> aro klattcMunl as |)ads. kosi^y (1969, ar> o i I od m !)inith 1974) pomiod 
nut llKit tin:; [)ad may t)0 a :;ouroo ok s>ocMa^t ions of ptw^romones (olu^mL(\al ;d t racd ant :; ) , 
aiduMj m s^ynohroTn / in(} spawrri ru) . 1 h(^ anal kin m iiiah-; dovolo[)s. klos.hy. latiM\al 
laI on!;ions., doriru] hr(Mn}iru] [)(UMnds>. Uioklor (19';7, as r\[ci\ in ^'^ni 1 1 h !974) 
liy()ot lies i/od those oxkonsiom; to t)0 usoful in r\r:\\\i\U\ Hio LMj(]s. It apfioars thai 
blonnios> proclLico d(Mii(M-;al (ujtjs uylutdi are tjuardoc! in oavilios i)y t[ir\nialo (Ixandall 
196H, ')mini 19 74). 
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Hs riliMl in 'miilh 1974) ilnuu\il)tHl the Molly Miller sitlin() op on roekr) , pr(3j)|)(Ml 
up on ilt; perloi'ol fins, "Ifie Molly Miller ir, al)li^ lo iiunDloin f)os,ilion on Ifie 
holloiii, oI'liMi in n verlic^il position in SipLle oT lurhohMUH^ u\n\ \ni\\ic oc^tion. 
Sinec^ il >iful mos.l oUier hiennies hove no s,\i/iin L)lod(ler (IX), it does not hove lo 
eounlcM'oel hooyoney. Ifiis. olone, hovi/t^ver, iS) ins.utf Lci(M)i to aeeoonl for i I S) 
ohs.iM'voil lenoeily (ol)ilily In hold firmly) in clirujiruj lo rocks." Tfie hracintj 
net ion ol piM'lorol and ()(vlvie fins oitis) Lf^^this r)Upport, bol the split onol finS) 
(I) oel OS hooks Lo hold the fisti in place (f,i.l:)son 1969^ os edited in Smith 1974). 
WluMi approoehiMl, t tie bhMuii(^s» vi/i ll (]u.ickly retn^at and stare at LntrndiM's. \i/ith 
tlje hn'(j(^ eyes» mount ml tiiqii on 1 tie tiead (for (excellent vis, ion). Starek and 
l^a\.'is ( 1966) reportod no s.Lglit ings of hiennies after dark. 

7. I AlunnAi : wim!;r)t!) / 

Wrassi^s are a family of |)reclom i nan 1 I y c L(jar-sliaped fislies, usually hricjiitly 
iU)hu'ed, and often dis[)layinr) several col en' [)hases. Fiiese fisiies are often the 
mosi nuiiHMn)os on tlie rinM' , and are pertiaps, tlie most diversified family in body 
t orm and si/e (Kandall 1967). Tliese fislies, do \i/oll in aquaria, but retju i a 
s.and hot I mil as Ihi^y frequently bury thems,elves at niqht. 

7.1 DeiU'r i [)t ion of^ the fommereially Valuable lipcMMcs and lluMr 
h i o()eoi]rapliy 

Wrai;s,es, have s.ma 1 1 to medium mouths, thif^k lips, and cHjrved caniru^ tcnih 
(111) that |)i'()t rudt^ , t^ausint] a buck tootti appearance. Fhey use their ptudoral 
iins, s>v/inimin(|. hotilkt^ anel Chaplin ( 196B ) and Kandall (1968) reported 1'; . 

s.[)iH'i(^s ui tlu^ baliainas, while Starck (196B) reporteil 19 sfiecies on Allicjator 
lund . IhrtM^ s()ec\ies will be discussed. Ihe fulluwincj descriptiunei are adafUed 
from boh Ike arai fhaplin (1960) and l^aridall (1968). ^ 

Bluetu^ad, Ihalassoma bifiisc latum Bloch 1791 

Fho Bluehoad displays st^veral color phases 
durinq its life. Ihe mtjst (lis, lirui. are the Ju- 
venile (yellow) phase and the adult (blue) phase. 
In the yellow phase, the upper body and head are 
l)ri(jht yellow (A) with the lower iialf white (B). 
Fbere is a lar(]e, oraruje -brown bloteti arourid the 
eye ( f ) and a dark spot in the dorsal fin (0 ) . 
In the blue ptiase , the head is blue (A) and the* 
body qreen; these two coltVc^; beinq separated by 
broad, vorticle, black band^V (B) with a bluish- 
white band between (C). Fhojblue phase 'fish are 
always adult males, makincj dp about h?o of tiie pop- 
irlation. Other color phasen are juvenile and 
adult fishes of botli sexes. V Ftie Bluetiead rc\a('hes 
15 cm (6 in . ) in length. 
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Itio BliK^hoacJ occnirn from Bermuda, the Florida Keys, the southern Gulf of 
Mexico, and ttie Datuujjias, south to Columbia. 

Spanish Hocjfish, Bodianus rufus Linnaeus 1758 

The upper body is bluish- to plum-colored (A) 
(In juveniles this color may cover the front lialf 
of the fish); the remainder is yellow. The ja\i/r> 
of the young fish develop a golden-orange color 
which turns reddish witli age. This species 
reaches 38 cm (15 in.) in length. 

The Spanish hogfish occurs in Bermuda, Southern Florida, the Gulf of 
Mexico, and the Bahamas. 

Spotfin Hogfish, Bodianus pulchellus Poey 1860 

Juvenile Spotfin hogfish are yellow, with the 
front half of the dorsal fin black. With age, red 
areas develop on the upper two-thirds of the body 
(A), lower sides of the body (B), and caudal fin 

(C) . The lower half of the head and central body 

(D) of adults are white, and the upper half of the 
caudal peduncle, dorsal fin, and caudal fin (F) are 
yellow. This species reaches 23 cm (9 in.) in 
length. 

The Spotfin hogfish has been reported from South Carolina to Southern 
Florida and the West Indies. 

7.2 Local Habitat in the Florida Keys 

Bluehead- This species is most numerous-on rocky or coral bottoms (Feddern 1965) 
Goodson (1976) reported it in most offshore habitats including reefs, rocky 
flats, reef sand, and sea grasses. 

Spanish Hogfish: Feddern (1963) reported this species on coral reefs and rocky 
areas, nearshore and offshore, as well as most rocky areas where the water is 
flowing or turbulent. 

Spotfin Hogfish: This is a deep water species, Feddern (1963) and Colin^( 1975) 
reported it around coral and rocks in depths of at least 16 m (50 ft. . opotfin 
hogfish prefer vertical rock surfaces to level reefs and occur commonly on the 
deep rec^f and ledges. 




7.3 Food Habits 
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ted sand and rubble bottoms seem to be preferred by feeding wras 

Strasburg 1960). Hobson (1975) has observed wrasses hovering no 
jaws of larger fishes that sbir up the sea bottom, especially 

(IV) The wrasses snap up small fishes and /crustaceans as ttioy 
hidinq. Bohlke and Chaplin (1968) and Raq^toll (1968) mentioned 
a food source for many wrasses. Randall- '^^68 ) found that juvr 

species are parasite pickers (p)- ,f 
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Bhjohood ; inLirheads, like the cardinal fishes, are voracious (hearty appetite) 
carriivoros (IVjf, l)ut unlike the cardinal, feed during the day. Randall (1967) 
observed Blueheads swimmincj near the bottom, feeding on invertebrates with 
hard parts (molluscs, crustaceans). These prey items were easily crushed by 
well developed pharyngeal teeth (II). Apparently little effort is made to eject 
those hard parts as they are present in the stomach contents. The canine 
teeth (II), located at the mouth opening, can be used to remove gastropods 
(snail-like molluscs) and ottier adtiering animals. 

Yellovi/ ptiase blueheads, especially juveniles, have been reported to be 
iparasite pickers (Longley and Hildebrand ■ 1941 , Collette and Talbert 1972). 
llowovor, parasites picked from other fishes may constitute a very small portion 
of the total diet (Longley and Hildebrand 1941). Collette and Talbot (1972) 
mentioned tfie abundance of Blueheads on the reef, pointing out yellow phase 
juveniles swarming in loose aggregations picking at small benthic and planktonic 
animals. 

Spanish Hucjfish : The parasite picking behavior of young Spanish hogfish was 
noted by Limbaugh (1961), Randall (1962) and Eibl-Eibesfeldt ( 1965 as cited in 
Randall 1967). Adults have been reported to feed on crabs, brittle stars, 
urchins, and molluscs (Schroeder and'Starck 1964, Randall 1967). 

Spot fin Hogfish : No data was available on the specific food items of this 
species, although f^andall (1968) reported that juveniles are probably parasite 
pic^kers (lU). 

7.4 Predation ' . 



Bluchead : Randall (1965) reported a hamlet ( Hypoplec trus sp . ) eating a Bluehead, 
and de Sylva (pers. commun. as cited in Feddern 1965) reported Roughtail 
stingray ( Dasyatis centroura ) consumed Blueheads . Randall (1967) found the 
following species to have Blueheads in their stomachs: Trumpetfish, Yellowfin 
grouper ( Myc teroperca venenoaa ), and the Soapfish (Rypticus sapona ceus). 

Spanish Upgfish : Randall (1967) reported the Spanish hogfish in the stomach of 
the Schoolmaster snapper ( Lut janus apodus ) . Limbaugh (1961) reported the 
Trumpetfish and Yellowfin grouper to also^consume this species. 

S[)otrin Hogfish : There were no reports of predation on this species. 

7 . 5 Reproduction 

Bluehead: The Bluehead exhibits two types of spawning: aggregate and paired 
spawning (Feddern 1965). Randall and Randall (1963, as cited in Feddern 1965) 
described the aggre(]ate and paired spawning as follows: 

"The fish (yellow or white phase) usually concentrate 
their activity over prominent rocks or head*»of coral. As 
many as 80 or more begin to swim more rapidly in one direction 
and then another. As with parrotf ishes , there is a sudden 
upward or diagonally upward movement which resulted in the 
fish being a maximum of about 2 ft. above the rest of the 
group. A small cloud of white could often be seen, indicating 
release of sperm. 
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Rarely were the large Blueheads present in the milling 
nyyroyation of the yellow phase fish, and then they mostly 
i chased individual yellow fish. 

On only two occasions was spawning by blue phase and 
yellow phase females observed. After a very short chase, 
the female fish darted upward with the male Bluehead and 
they spawned." 

Spawning occurs throughout the year, except in September (Feddern 1965). 
Longley and Hildebrand (1941) noted a peak in spawning during August.. 
Goodson (1976) reported blue phase males spawned 40 - 100 times/day, with 
each spawning period lasting about 1 week. Examination of ripe females by 
Feddern (1965) showed between 800 - 3,000 eggs/spawn. Males and females over 
30 mm (1.2 in.) participated in the spawn. De Boer, et. al. (1973) reported 
many large blue phase fish participating in paired spawning to have reached 
senescence (menapause) and to be sterile. Feddern (1965) also found some 
large blue and ye.llow phase fishes to be sterile. 

Little is known concerning reproduction of the Spanish and Spotfin hogfish, 
although Moe (pers. commun.) has reported that male Spanish hogfish are twice 
the size of.Tfeniales and that small eggs are laid during the summer. ■ 

7. -6 Behavior 

Most wrasses are active during the day, burying themselves in sand at 
night (Feddern 1966; Randall ,1968 ) . Schroeder and Starck (1966) observed the 
Spanish hogfish hiding in coral crevices at night. Adults tend toward 
schooling, especially Blueheads, while juveniles are solitary (Feddern 1965, 
De Boer, et. al. 1973). 

8. COBIIDAE: GOBIES 

The goby family has more species (over 1,000) than any other family of 
marine fishes (Colin 1975). Every general coral reef area in the western 
Atlantic, except Bermuda, has at least one species of Gobiosoma . (Colin 1975). 
Gobies living in tropical Atlantic waters are rather unique in that they 
display, according to Colin (1975) "unusual ecological and behavioral 
adaptations." Several goby species are parasite pickers (IV) and set up 
cleaning stations which many larger fish visit to have parasites picked from 
their mouths and gills. The Neofi goby is the only cleaning species commonly 
collected in the Florida Keys and, therefore, is the only species considered 
here. The Neon goby is a popular aquarium fish. Few fishes have bett^er 
adaptations to tank living. The Neon goby, is small, brightly colored, easy 
to feed, and is one of only a few species to breed successfully in captivity. 
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8.1 Desirription of the Commercially Valuable Species and its 
[iiogeography 

Most gobies have their pelvic fins joined to form a sucking disc, allowing 
these fish to cling to corals, sponges, or rocks (Randall 1967). This family 
is often confused with the blenny family (Bleniidae), but can be differentiated 
by a continuous dorsal, fin in the blenny family, and two dorsal fins in the 
goby family (I). - Of the twelve species of the genus Gobiosoma that occur in 
the entire tropical Atlantic, seven are closely associated with corals, and the 
other five with sponges. Six of these twelve species are parasite pickers (IV) 
(Colin 1975).^ Bohlke and Chaplin (1968) reported forty-four goby species 
(entire family, including the genus Gobj.osoma ) , in the Bahamas. St^rck (1968) 
reported twenty-seven species on Alligator Reef. 

Neon Gob^ , Gobiosoma oceanops Jordan 

The Neon goby is black, with a iredescent 
blue stripe (A)' through the body and a lighter 
area beneath the belly and head (B)., This species 
reaches 5 cm (2 in.) in length. 

The Neon goby occurs from Florida to the 
Yucatan, including the Gulf of Mexico. 

Local Habitat in the Florida Keys 

The Neon goby has been reported in watmrs from 1 - 40 m (3 - 120 ft.) in 
■ doptl). This species' (all ages from newly, jnetamorphosed to adults) is frequently 
found in association with corals or rocks, Colin (1975) reported the Star 
coral and Large Star coral '( Montastfea cavernosa ) to be the coral species most 
.frequently having the Neon goby on tMur surfaces. The Neon goby was found 
singly or in groups of up to 30 fish^^fral head. Colin (1976) reported, 
"populations of Gobiosoma sp. in limited localities^ do show some, often 
considerable variation over periods on the order of the, life span (1 yr.) of 
individual fishes." 

Tlie fact that gobies can associate with corals is interesting. Corals 
are carnivores, possessing cells withiif their ti.ssues known as nematocysts or 
stinging cells. These stinging cells release harpoon-like projectiles wfiich 
stab and kill prey. Barnes (1968) reported two methods of discharge for these 
deadly stinging cells ^.one chemical, and the other physical. It appears that 
the Neon goby possesses some chemical that* prevents the discharge of these 
stinging cells (Colin 1975). 

8.3 Food Habits - - 

Neon gobies are parasite pickers (IV), frequently termed "cleaners" (Darcy , 
et. al. 1974, Colin 1975). Colin (1975) reported no competitive behavior among 
cleaners, and all ages of fishes participated in cleaning.. Using a snipping 
motion of the teeth, parasites are removed from the host (fish being cleaned). 
The entire body of the host may be inspected, including the gills and inside 
the mouth. 



8.4 Predation * 

Several biologists have hypothesized cleaning fishes and invertebrates 
to be free from predation because of their important cleaning function (Limbauqh 
1961, Randall 1965). DeL'isle (1969 as cited in Colin 1975) performed some 
experiments to test this hypothesis. One involved releasing anesthetized 
gobies into the water column over a reef and observing the reactions of the 
fishes in the area to the goby sinking. No predation was observed, although 
some fishes did "pose" to be cleaned. 

8.5 Reproduction 

The Neon goby is one of only a' few species of marine tropjicals to have bred 
in captivity. Walker (1977) has made available his technigue to the home 
aguarist, and this technigue is summarized here. Neon gobies are "sexable, 
small, fairly easy to spawn, and produce large, active young." The sexes can \ 
be distinguished by the male's genital papilla (pointed organ, just forward of 
the anal fin), the female's ovipositer (in the same location) which is^ short, 
blunt, and almost unnoticeable . The Neon goby is a "secretive spawner (Moe 
1975) and a shell or flower pot must be provided for the Neon goby to place i.ts 
eggs under. Gobies spawn naturally in the winter and early spring (Feddern J ^6/, 
Colin 1975). These natural conditions can be simulated in the home aguarium 
by maintaining temperatures between 70°-75° F and providing 7-9 hrs. of light/doy. 
Females average 250 eggs/spawn, but larger frmales may carry 300 - 500 eggs 
(Colin 1975; Moe 1975). Larval Neon gobies changed into juveniles in 1/ - la 
days (Colin'l975; Moe 1975). 

8.6 Behavior , 

Neon gobies. can be found on the sides of corals, both day and night, 
although at night, with the coral polyps expanded to feed,ahe gobies become 
difficult to see (Schroeder and Starck 1964). "Clganing stations^ are ^ 
established by the Neon goby (most often on the upper surface of brain coraLs) 
and larger fishes come and may even wait in line to be cleaned. 

9. DIVERSITY OF TROPICAL CORAL REEF FISH COMMUNITIES 

The tremendous diversity of life living in association with coral reefs is 
a characteristic of coral reef communities (a community being an association or 
interacting populations) which is recognized by even the most casual observer 
The 30 species described here represent only a fraction of the total number of 
fishes present. For example, Starck (1968) reported 389 species of fishes on 
Alligator Reef, and Bohnsack (pers. commun . ) more than 200 species on Looe Key. 

As would be expected, many biologists have pondered the guestion of 
speciation, and why certain habitats have a more diverse fauna than others As 
would also be expected, considerable disagreement has arisen over whose j 
theories are right or wrong. A thorough discussion of the evolution of modfirn . 
biological thought concerning community diversity is beyond the scope of tr^e . 
present paper. However, for those interested, a brief description of some 
the newly emerging theories specifically concerning tropical reef fish diversity 
IS included here. It must be recognized, however, that U,e following discj^ssion 
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simply presents some interesting ideas and preliminary findings, and does not 
represent eitfier proven theories, or a 'comprehensive review of all aspects of 
*speciation. 

Smith and Tyler (1972, 1973a, b, 1975) were'among the first biologists to 
discuss diversity in coral reef communities. They hypothesized that fish 
specialized to minimize competition for food and space, t\i/o critical resources 
on the reef. Study of tropical bird communities let McArthur (1972) and Cody 
(1973) to conclude that diversity could be explained in terms of resource 
portioning (division of . food and space) allowing more species in an area before 
serious competition results. However, more recent research (Sale 1974, 1975, 
1976, 1977) has revealed reef fishes with similar space and food requirements 
coexisting (living together and sharing the same resources), not specializing 
and dividing up the resources. 

Several biologists have shown reef f ishes to' specialize into large habitats,^ 
such as;reef crest, reef flaP, etc.; but upon examination, reef fishes with 
very similar or identical food and space requirements coexist successfully within 
these large habitats (Sale 1974, 1975; Sale and*Dybdahl 1975). Root (1967) 
has termed these groups of species utilizing the same resources a "guild". 
Sale (1974, 1975) has demonstrated the existance of such a guild ' between 4 
species of damselfishes on the -Australian Great Barrier Reef, and suggested 
several others. 

Existance 'of these guilds contradicts theories which suggest that high 
species diversity, is the result of extreme specialization, thus, 'althougli reef 
fishes specialize broadly into habitats^ within habit^ats, it appears that there 
is neither specialization with respect io food and spa6e ,' and several species 

^of fishes with highly specialized requ/rements often coexist with other spec iVs ' 

"showing, similar adaptati(!rtl5 (Sale 197 ij) . 

Smith and Tyler (1972), Goldman and Talbot ( 1976 ) , and Sale (1977) have all 
found living space to be the resource most limiting the numbers of fishes pn 
reefs. Sale ( 1977 )' has also found living space to be unpredictable. Growth of 
coral, wave action^, silting, and shifting of sand and rubble can alter habitat, 
suitable coral outtroppings or other required habitat is often widely and 
somewhat randomly distributed. Large storms, also unpredictable, can drastically 
alter the reef structure. Predators (which are unpredictable in time and 
space) affect fishes that live^ in a habitat. Sale (1977) has hypothesized this 
unpredictability of living spgce (habitat) to be important to reef fishes. He 
states, "In a situation in which the supply of living space is limited and 
vacant livinc] space is unpredictable in time and space, the production of 
numerous offspring scattered widely in space and time appears to be tlie only 
satisfactory way of getting some offspring successfully to living sites. 
Similarly, successful offspring should stay put." 

Numerous studies on reproduction in coral reef fishes have been undertaken 
in the last few years (Munro, et. al. 1973; Powell 1975; Sale and Dubdahl 1975; 
and Luckhurst and Luckhurst 1977). All observed seasonal peaks in reproduction 




but noted at least some year round spau/ning in most species* Little data 
available on frequency of spavi/ning, although it does appear to be frequent, 
and numerous larvae are produced each spawn. Sale (1977) has suggested that 
the extended breeding seasons and frequent .spawning of reef fishes arc 
strong evidence that life cycles do occur in response g^o unpredictability of 
space in the reef environment. 

Reef fish larvae scatter widely in space. Most reef fishes produce eggs 
which are found on or near the bottom, but some have pelagic larvae. Studies 
of XaFval, dispersal and length of larval life need attention and should be 
considered by biologists interested in reef fishes* Little is known of what 
happens to fish larvae after hatching, until they settle on the reef as 
juveniles . . ' , - 

^ ^ Studies by Greenburg (m7), Braddock (1949)., Phillips (1971), Frey and 
Miller (1972) and Myrburg (197?) indicate that territorial battles are 
usually decided in, favor of the original resident. Thus, offspring successful 
in finding suitable living space should stay put. Once living space is 
gained, survival is greatly enhanced. Reese (1964) observed limited movement 
by the majority of reef fishes. Bardach (1958) and Springer and McCrlean 
(1962), in their tagging, studies , observed limited , movement in groupers, 
snappers, angelfishes', butterfly fishes, and surgeonf ishes . ' ^ 

Sale (1977) has- described a number of- mechahisms used by reef fishes to 
.cope with the unpredictable nature of available living space: 

1) dispersing numerous pelagic (open, ocean) larvae widely 
both in sp^e and time so as to maximize chances of 
getting some offspring to suitable space; 

2) having requirements for spaue that remain general enough 
for there to be some chance of finding a suitable site; 

i) remaining in a site, once found, for extended periods 

or throughout adult life. g 

Sale (1977) also noted that species of fishes in a guild are competiruj in 
a '.'lottery for living space in which larvae are th^tickets, and the first 
ai!^ival at a vacant site wins that site. The lottery operates within the 
habitat and at the levels ofv-tiie individual fish." Vacant sites are = 
generated unpredictably, and are immediately refilled. Because the types and 
numbers of larvae in a given area are unpredictable as well, it is unlikely 
that one species will dominate a habitat. "So long as all species of a guild 
win some of the time and in some places, they will continue to put larvae into 
the plankton and hense into the lottery for new sites" (Sale 1977). ^ 
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" APPENDIX A 

Definitions of General Terminology 
(adapted fo^om Ricklefs, 1973) 

Adaptation - a genetically determined characteristic that helps an animal 
or plant cope with its environment. 

Carr^ Capacity - the number of individuals that the resources of a 

habitat can support. 

Coexistence - the occurrence of two or more species' m the same habitat; 
* usually applied 'to -potentially competing species. 

Com^unit2_ - an association of^interacting populations of plants or animals. 

^^^^^^^4^- e^^nLn'r^AK^'^^"^'^^^ -dividual that reduces the 

avaiJability of that resource to other individuals. 

Divorsit^ - a measure of the variety of species in a community that takes into 
account the relative abundance of each species. 

CH}££^iist - a species with broad food or habitat preferences, or both. 

liabita^^ a place where an animal or plant normally lives, often it is 

characterized by a dominant plant form or physical characteristic ' 
(I.e., strerjm habitat, forjjst habitat). • 

UomeRan^i- that area which an animal learns thoroughly and habitually patrols 

Microhabitat - the particular parts of the habitat that an individual encounter 
frequently in the course of its activities. 

I^Lche - all the^components of the environment with which the animal or plant 

interacts : • 

...1 ' •• ' . 

lte6ruit,„ont - addition b^- reproduction of. new individuals to a population., 
SpecialisLs - a species with specific food or habitat pref_erences, or both- 
Stability - inborn capacity of any system to resist changa. 




Appendix A continued: 



7 

Terminology Referenced in the Paper by W)man Numeral, 
(Ricklefs 1973). 



I . Fins : 



Fins -are' supported by spin'^;(.A) or rays (B). 

MecTian fins - fins in a lint *ith the middle axis of a^fish, 
belovi/: C, D, and E, 

Paired fins - sets of t\i/o fins on a fish. 

below: F and G. , • 

Cirri - flaps of skin, often on head, 
below: H, 



Dorsal Fin(c) . 
(continuous) ' 4^- 



audai U^^^) 




Dorsal Fin 
(split); 
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Appendix A continued: 
Caudal fin types: 




Slow S\i/imminq Fishes 





Truncate 



Lanceolate 
^ ast Su/imminq Fishes 



Rounded 




Forked 

11 > Scale Types: . 




Lunate,' 




Emarginate 





.Cycloid 



Ctenbid 



III. Teeth: 




Incisif orm- 




Canine- 



IV. Feeding Types: 
Carnivores - animal^ (meat) eaters. 
Herbivores - plant eaters-. - " 
Omnivores ^ eats both animals and plants. 
Plank tivores - plankton eaters. 



Comb or Bristle 
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AppoiKiix A ro\\[ murd: 



Piscivores - i ish ealerr*. 

Parar,ito Pirkorr, - cal parasil(^s from allior fisher,. 
HrowserG - lulihlcrs, ijraztM^s. 

\l. Sputuio Structure: y 

Iho skoletou of" s(KXKjos i;; made up oi' s|H(-ulor. or l ihor;;, or r.onirt iiul- 
hott.. Spicule;; can l)e calcaroou;: (made up of" calcium carlionatc) or 
silioeour. (made U() of silica). Hie filicr!^ are made of a proteu. material. 
Spicules a()pear in a number of forme. -(below) and are ur.ed to deleniune 




VI. Territoriality: 

A territory is an area occupied more or Iclss exclusively by an arumal 
or (iroup of animals by means of repulsion ttiroucjh overt defense (without 
tuding) or advertisement. Some reasons for territoriality include pro- 
tection of a shelter area, nesting area, food s.ource, mate, or just a 
su/imminy area. 

VI L. Nematocysts: 

Nematocysts are specialized stinging cells characteristic of tlie 
animal grouping' called coelenteratcs (corals, sea anemones, and jellyf istO 
A long harpoon-like thread is released "Ky the cell either from physical 
' or chemical stimuli. ^ 

VIII. tateral tine: 



The lateral line is a series of pores m a fish's scales forming what 
appears to be a line on the fish. These holes are involved in pressure 
sensing, allowing water to contact the skin. Itie lateral line of an 
angeifish is drawn in the drawning under Section I. 
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A|)|>iMuli\ A, ccxifinuod: 

, Ihe s\i/im l)hKltJor ir, w rillinl w.xc roiiiul i\\ IrueTistios Jur,l uruior 

llu^ l)a(M<lH)ive. U ruru^Lions in fiydrostat ir iKT^iinro (rioatiru), or adjust incj 
l)u()yanry v/itli dr[)lh'), ar> :m) .jyx i 1 i ary l)roaUiiru] onj^iji, in sound [iroduclion, 
an(i if) sound rinn^[)Uiofu ^ 
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APPLN UIX W 
MAPS: 



Map I. riio Western Atlantic Ocean (ranqc for most aquarium reef fisfios 
discusses) (adapted from Pioodson 1976). 




Map 2. ]ho Florida Key. and Reef Tract With Major Reef Areas Labeled (adapted fran Ginsbury 1956). 
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APPENDIX C 



Common Plants and Animals 




Appendix C. continued: 




Lorui-spined Sea Urchin 

Sea Anemone 




Copepod ( 




